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LETTI^R  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  August  I4,  1911. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend 
for  pubUcation  as  Bulletm  No.  218  of  the  series  of  this  Bureau  a 
paper  by  C.  P.  Hartley,  Ernest  B.  Brown,  C.  H.  Kyle,  and  L.  L. 
Zook,  entitled  "Crossbreeding  Corn."  This  article  presents  one 
feature  of  the  work  of  the  Office  of  Corn  Investigations  on  the  project 
of  finding  and  developing  higher  yielding  strains  of  corn  for  different 
geographical  sections  of  the  United  States.  The  success  that  is 
being  attained  along  this  line  is  due  to  the  utilization  of  the  effects 
of  acclimatization,  adaptation,  crossbreeding,  and  selection. 

The  results  of  field  tests  in  four  States  are  given  in  detail.  In 
this  report  the  results  are  assembled  in  a  manner  to  show  the  rela- 
tive productiveness  of  first -generation  crosses  and  their  parent 
varieties.  While  these  results  include  a  part  of  the  data  that  are 
being  assembled  to  show  the  effects  on  corn  of  acclimatization  and 
adaptation,  only  such  mention  is  here  made  of  these  influences  as 
will  prevent  their  effects  being  attributed  to  crossbreeding. 

These  investigations  assist  m  determining  what  varieties  and  what 
combinations  of  varieties  can  be  most  profitably  grown  in  different 
localities.  They  also  assist  in  revealing  the  qualities  of  seed  corn 
that  influence  its  productivity.  Knowledge  of  this  nature  is  espe- 
cially needed  at  this  time  to  assist  in  establishmg  successful  methods 
of  corn  improvement  embracing  the  good  effects  of  selecting  fine- 
appearing  ears  and  of  crossbreeding,  without  leading  practical  corn 
growers  mto  the  belief  that  prize-winnmg  eare  are  necessarily  profit- 
able seed  ears  or  that  a  well-selected  and  well-adapted  variety  is 
usually  less  productive  than  its  first-generation  cross. 

The  results  presented  here  are  the  first  results  of  a  series  of  tests 
being  conducted  with  many  varieties  under  various  environments. 
More  work  more  accurately  conducted  is  necessary  before  general 
conclusions  of  a  positive  nature  are  warranted,  but  the  urgent  need 
of  facts  concerning  our  most  widely  grown  and  most  valuable  crop 
makes  it  advisable  to  publish  in  detail  these  results,  which  are  at 
once  of  both  local  and  general  value. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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CROSSBREnDING  CORN. 


INTRODUCTION. 

In  the  United  States  corn  has  become  the  leading  and  most  uni- 
versally grown  crop,  perhaps  more  because  of  its  natural  adaptability 
and  productiveness  than  because  of  any  improvement  of  the  plant 
intentionally  accomplished  by  man.  Human  efforts  have  doubtless 
had  a  great  influence  upon  the  evolution  of  maize,  and  it  has  been 
modified  so  as  better  to  meet  human  needs.  These  changes,  how- 
ever, have  come  about  probably  more  because  of  the  interdependent 
relations  that  have  existed  between  man  and  corn  than  through 
knowledge  intentionally  applied.  The  evolutionary  steps  that  have 
developed  the  maize  plant  as  it  exists  to-day  are  so  little  understood 
that  they  are  of  little  value  in  indicating  methods  to  be  adopted  or 
avoided  in  further  improving  this  crop.  Such  improvement  may 
rest  upon  a  close  study  of  the  effects  upon  the  plant  of  different 
methods  of  breeding  and  a  correct  application  of  the  principles 
evolved. 

The  success  of  the  work  of  the  Office  of  Corn  Investigations  in 
originating  and  improving  high-yielding  strains  of  corn  for  different 
sections  of  the  United  States  has  been  due  to  the  utilization  of  the 
effects  of  acclimatization,  crossbreedmg,  and  selection.  Of  these 
three  factors  crossbreeding  is  the  principal  one  here  under  considera- 
tion; but  as  these  as  well  as  other  factors — such  as  seasonal  and  soil 
conditions — usually  operate  together  in  influencing  plant  growth, 
the  effects  of  all  factors  that  can  not  be  elimmated  must  receive 
consideration  whenever  comparisons  are  made. 

Because  crossbreeding  of  corn  is  so  readily  accomplished,  and  the 
results  are  so  varied  and  interesting,  and  because  crossbreedmg  is  so 
generally  recognized  as  a  very  important  process  in  plant  improve- 
ment, the  corn  investigations  of  the  Department  of  Agriculture 
during  1900  and  for  several  years  following  consisted  very  largely  in 
crossbreeding  all  types  obtainable.  Of  the  first-generation  crosses 
tested  some  were  unusually  productive,  some  good,  some  indifferent, 
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and  some  unusually  poor  producers.  The  indifferent  and  poor-pro- 
ducing crosses  were  discarded  and  selection  work  started  with  the 
unusually  productive  ones.  As  the  work  progressed  some  decreased 
in  productiveness  while  others  retained  their  high-yielding  qualities, 
and  a  few  have  come  mto  general  culture  as  the  best  grain-producing 
strains  of  certain  localities. 

As  most  of  these  crosses  when  tested  in  various  localities  were 
found  to  be  seldom  superior  to  local  strains,  the  improvement  of 
local  strains  by  selection  or  by  crossbreedmg  and  selection  coni- 
bined  became  a  more  prominent  feature  of  the  corn  work.  Tliis 
feature  has  proved  highly  satisfactory  and  profitable  to  practical 
farmers,  and  much  experimental  evidence  has  been  obtained  to 
demonstrate  that  strains  can  be  greatly  increased  in  productiveness 
by  centgener  selection. 

Investigations  and  observations  have  indicated  a  number  of  lines 
for  the  improvement  of  general  practices  in  seed-corn  production. 
In  this  coimection  attention  is  called  to  the  follo\ving  points  regardmg 
corn:  (1)  That  self-fertiHzation  reduces  productiveness;  (2)  that 
constant  isolation,  especially  when  unaccompanied  by  judicious 
selection,  may  result  in  the  multiplication  of  undesirable  individu- 
als and  the  augmentation  of  their  undesirable  characters;  (3)  that 
the  emphasis  which  has  unfortunately  been  placed  upon  the  possi- 
bihty  of  improvmg  productiveness  by  planting  fine-appearing,  prize- 
winning  ears  has  reacted  against  the  improvement  of  jdelds  through 
the  selection  of  seed  from  high-yielding  individuals;  (4)  that  the 
adaptation  of  the  floral  parts  of  maize  to  facihtate  crossbreeding  has 
played  an  important  part  in  its  evolution,  perhaps  assisting  in  gi^^ng 
it  greater  vigor,  productiveness,  adaptability,  and  freedom  from 
disease  than  other  cereals. 

One  or  more  of  these  features  has  reduced  yields  m  so  many 
instances  where  increased  yields  were  expected  that  some,  and  espe- 
cially those  who  have  not  witnessed  improvement  by  selection,  have 
become  skeptical  regarding  possibility  of  increasing  yields  by  selec- 
tion and  desirous  of  tryuig  radically  different  methods. 

Crossbred  seed  frequently  gives  .better  yields  than  either  parent, 
especially  if  one  or  both  parents  are  i)oor  producers  as  a  result  of 
self-fertihzation,  inl)reeding,  or  lack  of  atlai)tati()n  or  acclimatization. 
Smce  crossbred  seed  corn  frequently  yields  less  than  one  and  some- 
times less  than  either  of  the  i)!ir(Mi(  varieties,  it  would  be  very 
unwise  to  advise  the  general  planting  of  crossbred  seed  mthout 
first  demonstrating  what  varieties  should  be  crossed  in  different 
localities  to  produce  seed  of  higher  yielding  ])Ower  than  that  of  the 
best  existuig  strains.     The  profits  that  may  result  from  following 
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reliable  methods  and  tlie  losses  that  may  result  from  following 
erroneous  methods  along  these  lines  are  tremendous  because  of  the 
great  extent  to  which  corn  is  grown. 

As  acclimatization,  crossbreeding,  and  selection  have  proved  effi- 
cient in  increasing  the  productiveness  of  corn,  the  question  of  practi- 
cal importance  is  a  determination  of  the  best  combination  of  these 
influencing  factors.  All  these  factors  necessaril}'  have  a  strong  bear- 
ing upon  the  results  presented  in  this  j)aper.  These  results  are  pre- 
sented here,  however,  with  especial  reference  to  the  comparative 
I)roductiveness  of  first-generation  crosses  and  their  parent  varieties. 
In  a  future  bulletin  the  results  in  these  tests  attributable  to  the 
efi'ects  of  acclimatization  and  adaptation  will  be  combined  with 
results  of  other  work  and  treated  with  especial  reference  to  these 
factors  and  their  mfluence  upon  yield. 

TESTS  IN  MARYLAND. 

WORK   OF    1909. 

CHOICE    OF    VARIETIES. 

In  order  to  make  the  tests  of  as  much  practical  value  as  possible, 
varieties  grown  by  successful  corn  growers  in  Maryland  and  adjoining 
States  were  chosen.  Composite  samples  shelled  from  a  hundred  or 
more  ears  were  used  in  order  to  equalize  results  of  mdividual  ear 
variations. 

Detailed    information    regarding    the    history  and    description  of 
these  varieties  is  given  in  Table  I,  together  with  the  germinating 
power  of  each  lot  of  seed,  both  in  the  spring  of  1909  and  of  1910. 
12305°— Bui.  218—12 2 
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CROSSING   THE   VARIETIES. 

Selection  119,  which  has  been  undergoing  improvement  for  10 
years  by  tlie  ear-to-row  method  of  breecHng  and  adaptation  to  con- 
ditions of  the  Potomac  River  soils  near  Washington,  was  chosen  as 
the  male  parent,  and  the  crossed  seed  was  obtained  by  planting  one 
of  the  other  varieties  in  every  third  row  in  a  field  of  this  variety 
located  3  miles  south  of  Washington,  D.  C,  on  a  small  tributary  of 
the  Potomac.  As  soon  as  the  tassels  appeared  they  were  removed 
from  all  the  varieties,  so  that  no  pollen  matured  in  the  field  except 
on  the  rows  of  Selection  119,  which  fertilized  the  silks  of  all  the  other 
varieties,  forming  the  supply  of  crossed  seed,  the  productiveness  of 
which  was  compared  in  1910  with  pure  seed  of  the  parents.  About 
30  of  the  best  ears  from  these  detasseled  rows  were  chosen  as  seed  for 
these  tests.  These  ears  were  shelled,  making  a  composite  sample  of 
each  crossj  which  was  used  in  planting  all  of  the  tests. 

A  supply  of  the  original  seed  of  all  the  varieties  used  in  making 
these  crosses  was  retained  in  the  seed-corn  room  of  the  Department  of 
Agriculture  according  to  the  best  known  methods  of  seed  preservation. 

GROWING   PURE-BRED    SEED    FOR    COMPARISON. 

In  order  that  the  tests  of  productiveness  might  not  be  restricted  to 
the  old  seed  of  the  parent  varieties,  isolated  plats  of  eight  of  the 
varieties,  including  the  male  parent — Selection  119 — were  grown  in 
1909  from  the  original  seed.  These  1909  plats  were  grown  in  the  same 
localities  and  under  the  same  conditions  as  the  original  seed. 

WORK    OF    1910. 

LOCATION    OP   TESTS. 

Duplicate  tests  of  productiveness  were  made  at  Derwood  and  at 
Pike  Crossing,  Md.  Derwood  is  located  about  16  miles  northwest  of 
Washington,  where  the  soil  is  of  a  red-clay,  flint-stone  nature,  and  the 
two  tests  were  located  on  similar  soil.  Pike  Crossing  is  situated  about 
5  miles  north  of  Washington,  where  the  soil  is  of  a  mica,  red-clay 
nature.  At  Pike  Crossing  the  two  tests  adjoined,  but  the  first  test 
was  located  on  land  that  had  been  in  sod  for  some  10  years  or  more, 
while  the  duplicate  test  was  located  on  impoverished  soil  that  had 
grown  truck  crops  for  fully  as  many  years.  At  these  points  the 
season  of  1910  was  unusually  dry  and  unfavorable  for  com. 

ORDER   OF   PLANTING  THE   TEST   ROWS. 

In  order  to  have  the  means  of  comparing  the  productiveness  of  the 
crossed  seed  grown  in  1909  with  seed  of  the  parents  grown  the  same 
season  and  with  the  original  seed  of  the  parents  used  in  making  the 
crosses,  the  plantings  were  made  in  the  order  shown  in  Table  II. 
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It  will  be  seen  that  by  this  order  the  original  or  1908  seed  of  the  two 
parent  varieties  is  planted  on  either  side  of  the  crossed  seed,  and 
that  adjoining  these  two  rows  is  a  row  from  the  seed  of  each  parent 
groA\Ti  in  1909.  In  all  four  of  the  tests  the  varieties  were  planted  in 
the  same  relative  order. 

EQUALITY    OF  CONDITIONS  FOR   GROWTH   AND   PRODUCTIVENESS. 

Care  was  taken  to  so  locate  the  rows  that  those  to  be  compared 
would  have  equal  facihties  for  growth  and  productiveness.  At  each 
location  and  for  each  test  rows  of  uniform  width  were  marked  off 
both  ways.  Five  kernels  were  planted  in  each  hiU  and  the  stand 
thinned  to  two  stalks  to  the  hill.  Practically  a  perfect  stand  of 
plants  was  obtained  for  each  row  of  each  test.  Each  variety  and 
first-generation  cross  was  thus  represented  by  the  same  number  of 
plants,  occupying  the  same  number  of  square  feet  of  adjacent,  appar- 
ently similar,  soil. 

PRESENTATION   OF    RESULTS    IN    MARYLAND. 
FIELD   RECORDS    IN    DETAIL. 

Table  II  presents  full  details  of  both  the  original  and  the  duplicate 
test  at  Derwood  and  of  like  tests  at  Pike  Crossing.  The  order  of 
occurrence  of  the  varieties  in  the  table  is  the  same  as  in  the  test  plats. 

Table  II. — Tests  of  ■parent  varieties  and  first-generation  crosses  of  corn. 

At  Derwood,  Md.  i 


First  test. 

Duplicate  tesi 

,. 

Yield. 

Yield. 
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6 

Variety  and  cross. 
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fe   . 

Num 

)er  of 
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Number  of 
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o  a 

ears. 

«»4 
O 

o  3 
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fe 

cfl  Ph 
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£ 

£ 
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T3 
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O 
p 

o 

B 

3 

■6 
8 
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1 

2 

02 

Lbs. 

P.cl. 

Lbs. 

Lbs. 

P.ct. 

Lbs. 

in 

Selwtion  110,  1909 

100 

,')3 

3,5 

4,5 

52 

100 

70 

6,5 

28 

65 

11 

Selection  lo9,  1909 

100 

53 

40 

51 

47 

98 

66 

60 

;« 

60 

12 

Selection  l.sg,  original . 

100 

64 

4,5 

59 

51 

100 

71 

60 

36 

61 

13 

Selection    l.jOX  Selec- 

tion 119 

100 
100 

56 
60 

-  3 

20 
40 

71 
56 

61 
61 

102 
99 

71 
66 

1 

60 
65 

41 
31 

60 

14 

Selection  119,  original. 

63 

IS 

Selection  119,  1909 

100 

63 

50 

45 

59 

100 

71 

63 

34 

61 

16 

Selection  137,  1909 

100 

58 

3.5 

56 

67 

98 

60 

55 

37 

66 

17 

Selection  137,  original. 

97 

56 

40 

43 

62 

100 

63 

60 

37 

61 

18 

Selection     137X  Selec- 

tion 119 

101 
100 

67 
56 

8 

40 
45 

60 
43 

67 
62 

100 
98 

75 
64 

6 

65 
50 

33 

45 

72 

19 

Selection  119,  original. 

64 

20 

Selection  119,  1909 

99 

61 

3a 

57 

59 

100 

70 

65 

29 

60 

21 

Selection  138,  1909.... 

100 

47 

26 

59 

71 

100 

51 

45 

42 

74 

22 

Selection  138,  original. 

100 

47 

20 

70 

66 

99 

60 

50 

45 

68 

23 

Selection    13SX  Selec- 

tion 119 

100 
100 

.58 
60 

-  9 

50 
30 

54 
62 

74 
61 

100 
99 

68 
55 

0 

60 
4,5 

38 
41 

69 

24 

Selection  119,  original. 

59 

25 

Selection  119,  1909 

100 

67 

57 

39 

57 

100 

66 

5.5 

43 

55 
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Table  II. — Test  of  parent  varieties  and  first-generation  crosses  of  corn — Continued. 

At  Derwood,  Md.— Continued. 


Variety  and  cross. 


First  test. 
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Duplicate  test. 
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Yield. 
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ears. 
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Selection    119X  Selec- 
tion 119 

Selection  119.  ori^'inal. 

Whitecap,  original 

Whitecap  X  Selection 
119 

Selection  119,  original. 

Selection  119,  1909 

Ohio  Learning,  orig- 
inal   

Ohio  Leamiug  X  Se- 
lection 119 

Selection  119,  original. 

Selection  119,  1909 

Illinois  Learning,  orig- 
inal  

Illinois  LeamingXSe- 
lection  119 

Selection  119,  original. 

Selection  119,  1909 

Reid    Yellow    Dent, 
original 

Reid  Yellow  DentX 
Selection  119 

Selection  119,  original. 

Selection  119,  1909 

Sturges  Hybrid  Flint, 
original 

Sturges  Hyljrid  Flint 
X  Selection  119 

Selection  119,  original. 

Selection  119,  1909 

Silvermine,  original... 

SUvermineX  Selection 
119 

Selection  119,  1909 

Golden  Eagle,  original 

Golden  Eagle  X  Selec- 
tion 119 

Selection  119,  1909 

Fraley  Yellow  Dent, 
original 

Fraley  Yellow  DentX 
Selection  119 

Selection  119,  1909 

Selection  77,  1909 

Selection  77,  original.. 

Selection  77  X  Selec- 
tion 119 

Selection  119,  1909 

Red  Blaze,  original. .. 

Red  BlazeX Selection 
119 

Selection  119,  1909 

Cross  100,  1909 

Cross  100,  original 

Cross     lOOX  Selection 
119 

Selection  119,  1909 

Cross  120,  1909 

Cross  120,  original 

Cross  120X  Selection 
119 

Selection  119,  1909 

Hickory  King,  orig- 
inal  


100 

99 

100 

100 
100 
100 

100 

100 

100 

98 

100 

99 


99 

99 

99 

101 

100 

100 

99 

100 

100 

100 

98 

100 

98 
100 

100 

98 
100 
100 
100 

100 
100 

97 

100 

100 

99 

100 

100 

101 

100 

99 

100 
100 

100 


Lhs. 
60 

58 
49 

.58 
54 
GO 

46 

56 
56 
56 

46 

58 
48 
61 

50 

61 
.'iO 
69 

34 

58 
60 
62 
50 

57 
66 
43 

60 
63 

59 

59 
55 
53 

48 

55 
61 
46 

59 
69 
53 
44 

51 
49 
55 
57 

62 
56 

51 


P.ct. 
-10 


-13 


-  1 


-  6 


■11 


-11 


-  7 


-  5 


-  9 


-14 


18 


60 
20 
35 

30 
54 
50 

26 

35 
32 
25 

41 

59 
35 
46 

47 

45 
45 
50 

22 

62 
40 
40 
25 

20 
43 
25 

35 
45 

45 

43 
35 
30 
30 

25 
40 
55 

43 
75 
45 
40 

30 
35 
50 
37 

29 
40 


04 
74 
63 

70 
60 

47 

63 

70 
65 
64 

52 

55 
63 

48 

46 

56 
49 
51 

76 

45 
62 
57 
62 

77 
52 
75 

64 
53 

54 

63 
61 
66 
65 

70 
45 
37 

52 
2.5 
48 
55 

65 
61 
46 
60 

Rj 
60 

51 


Lbs. 
51 
54 
49 

55 
53 
49 

27 

35 
53 
53 

35 

47 
52 
58 

39 

50 
61 
62 

33 

49 
69 
60 
37 

47 
64 
30 

45 
62 

64 

56 
55 

48 
47 

48 
57 
34 

45 
57 

58 
48 

51 
48 
49 
49 

52 
52 


101 
100 
100 

100 

99 

100 

100 

100 

97 

100 

101 

100 
100 
100 

101 

99 

99 

101 

106 

100 
99 
99 

101 

100 

98 

100 

100 
101 

99 

100 

99 

100 

101 

97 
100 
100 

98 
100 

99 
100 

98 
100 
100 

99 

99 
98 

100 


Lhs. 
66 
70 
53 

72 
63 
70 

50 

74 
69 
56 

46 

55 
54 
02 

49 

60 
56 
55 

30 

44 

134 

44 

41 

54 
69 
45 

57 
58 

59 

60 
62 
59 
64 

58 
63 
51 

65 
61 
47 
41 

60 
59 
63 
61 

74 

58 

60 


P.ct. 
-  3 


17 


-11 


-10 


-  7 


27 


50 
60 
40 

60 
55 
60 

50 

70 
50 
65 

50 

45 
45 
60 

56 

60 
50 
55 

40 

40 
20 
30 
33 

47 

50 

48 

45 
52 

55 

50 
54 
55 
55 

40 
50 
70 

65 
50 
50 
40 

60 
45 
74 
45 

57 
45 

60 


45 
34 
54 

39 
39 
36 

33 

30 

47 
39 

38 

52 
54 
39 

29 

43 

52 
39 

52 

56 
60 
64 
43 

40 
47 
41 

55 
43 


40 
42 
45 
42 

55 
48 
28 

36 
48 
43 
45 

45 
53 
25 
50 

45 

47 

29 


Lhs. 


1  Unrelial)le,  as  this  row  occupied  the  dead  furrow. 
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Table  II. —  Tests  of  parent  varieties  and  first-generation  crosses  oj  corn — Continued. 

At  Deewood,  Md. — Continued. 


Variety  and  cross. 

First  test. 

Duplicate  test. 

"3 

Yield. 

3 

w 

0 

.0 

i 

Yield. 

d 

^ 

M  ft 

Number  of 
ears. 

OJ 

> 
B 

Id 

(— 1 

Number  of 
ears. 

■a 

§ 
0 

8 

0 
0 

0 

u 

0 
0 

Ph 

1 

73 

rriekory  King  X  Selec- 
tion 119 

101 

100 

100 

99 

99 
100 

Lbs. 
63 
62 
55 
58 

58 
60 

P.ct. 

7 

-  5 

52 
30 
35 
35 

20 

38 

50 
74 
62 

77 

80 
64 

Lbs. 
79 
59 
50 

48 

56 
60 

100 
99 
99 
99 

99 
99 

74 
64 
58 
70 

70 
70 

p. a. 
21 

4 

77 
48 
54 
60 

60 
50 

24 
47 
41 
37 

41 

47 

Lbs. 
83 

74 
75 
76 
77 

Selection  119,  1909.... 

Selection  78,  1909 

Selection  78,  original.. 
Selection  78  X  Selec- 
tion 119    

59 
51 
55 

67 

78 

Selection  119,  1909.... 

65 

At  Pike  Crossing,  Md.i 


34 

35 
36 
37 
38 

39 
40 


Selection  159,  original. 
Selection    159X  Selec- 
tion 119 

Selection  119,  original. 

Selection  119,  1909 

Selection  137,  original. 
Selection    137X  Selec- 
tion 119 

Selection  119,  original. 

Selection  119,  1909 

Selection  138,  original. 
Selection    138X  Selec- 
tion 119 

Selection  119,  original. 

Selection  119,  1909 

Selection    119X  Selec- 
tion 119 

Selection  119,  original. 
Whitccap,  original  — 
Whitecap  X  Selection 

119 

Selection  119,  original. 

Selection  119,  1909 

Ohio  Learning,  orig- 
inal   

Ohio  Learning  X  Selec- 
tion 119 

Selection  119,  original. 
Selection  119.  1909... 
Illinois  Learning,  orig- 
inal  

Illinois  Lt>amingX Se- 
lection 119 

Selection  119,  original. 

Selection  119,  1909 

Reid    Yellow    Dent, 

original 

Reid  Yellow  Dent  X 

Selection  119 

Selection  119,  original. 

Selection  119,  1909 

Sturges  Hybrid  Flint, 

original 

Sturges  Hybrid  Flint 

X  Selection  119 

Selection  119,  original. 

Selection  119,  1909 

Silvermine,  original... 
SilvermineX  Selection 

119 

Selection  119,  original. 
Selection  119,  1909 I 
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By  mistake  this  row  was  cut. 


82 
80 
79 
81 

82 
78 
82 
76 

85 
79 
86 

80 
80 
80 

84 
85 
83 

81 

83 
80 

81 

78 

83 
79 
81 

80 

82 
82 
82 

85 

82 
82 
83 

77 

86 
79 
82 


40 
48 
50 
42 

50 
44 
48 
36 

55 
42 
47 

44 
43 
39 

48 
47 
53 

36 

45 
54 
54 

43 

47 
52 
53 

36 

49 
51 
52 

32 

49 
49 
47 
32 

40 

50 
53 


-20 


16 


-12 


-16 


-12 


-  7 


-20 


32 
47 
51 
32 

47 
40 
48 
29 

54 
36 
45 

43 
39 
40 

43 

44 
47 

31 

48 
48 
50 

51 

52 
52 
52 

38 

54 
44 
47 

44 

56 
55 
36 
20 

33 
44 

48 


42 
32 
24 
36 

32 
34 
30 
38 

27 
35 
36 

31 
37 
26 

33 
34 
32 

48 

29 
28 
29 

28 

22 
24 
24 

36 

24 
32 
28 

33 

20 
21 
39 
52 

37 
32 
31 


39 
39 
40 
40 

46 
45 
42 

48 

61 
48 
46 

42 
43 
42 

49 
45 
50 

25 

34 

48 
50 

33 

50 
47 

57 

32 

45 
49 

54 

27 

41 
45 
49 
46 

39 
48 
52 


73 

79 

82 
82 
79 

76 
86 
82 
80 

82 
80 

77 

76 
79 

77 

81 
79 
82 

81 

80 
81 
80 

82 

82 
81 
79 

78 

81 
81 
81 

81 

82 
80 
77 
73 

82 
79 
81 


16 

11 
10 
11 
5i 

6 

n 

lOi 

■li 

5t 

7| 
11 

7 
8J 

4 

5 

6i 

14i 

8 

9 

\2\ 
13i 


9i 
15 

6i 

12} 
12} 
20 


19 
21 
24i 
14i 

14i 

7 
8J 


-44 


-49 


-45 


-61 


-36 


-44 


-27 


-15 


-12 


46 

46 
39 
50 
27 

30 

39 
51 
24 

25 
33 

48 

33 

38 
21 

26 
36 
51 

43 

46 
49 
54 

41 

43 
41 
59 

38 

59 
48 
65 


0 

36 

10 

50 

2 

54 

4 

57 

0 

55 

0 

58 

0 

32 

0 

40 

>  Length  of  row  135  feet. 
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Table  II. —  Tests  of  parent  varieties  and  first-generation  crosses  of  corn — Continued. 

At  Pike  Crossing,  Md.— Continued. 


First  test. 

Duplicate  test. 

Yield. 

Yield. 

« 

6 

Variety  and  crosB. 

"3 

W5 

u 

V  ^ 

Num 

ber  of 

Number  of 

o 

°t 

ears. 

"o 

ears; 

is 

0; 
Si 

m 

03 
W 

5« 

> 
o 

r/3 

i 

►J 

^1  <:! 

2 

■6 
o 
o 

O 

o 
o 

o 
o 

C 

§ 

PL, 

> 

3 

M 

Lba. 

P.ct. 

LU. 

Lhs. 

p.ct. 

Lbs. 

41 

Golden  Eacle, original. 

74 

26 

20 

4^ 

25 

81 

2\ 

0 

20 

21 

42 

Golden  Eagle  X  Selec- 

tion 119 

78 
74 

45 
45 

-  8 

26 
40 

46 

28 

36 
45 

84 
80 

7* 

-21 

0 
0 

39 
34 

32 

43 

Selection  119,  original. 

43 

44 

Selection  119.  1909 

78 

45 

44 

28 

46 

80 

s-i 

0 

39 

46 

45 

Fraley  Yellow  Dent, 

original 

79 

50 

48 

27 

53 

82 

5 

0 

29 

46 

46 

Fraley  Yellow  DentX 

Selection  119 

77 

44 

-10 

40 

25 

53 

84 

9^ 

12 

1 

44 

54 

47 

Selection  119,  original. 

79 

50 

47 

28 

55 

181 

«* 

0 

44 

49 

48 

Selection  119,  1909 

77 

53 

48 

23 

58 

81 

12 

0 

58 

51 

49 

Selection  77,  original.. 

77 

48 

40 

32 

50 

82 

6^ 

0 

40 

42 

50 

Selection   77  X  Selec- 

tion 119 

71 

78 

46 
52 

-13 

41 
40 

21 
34 

48 
56 

82 
»81 

8 
8 

-20 

0 
0 

44 
42 

48 

.51 

Selection  119,  original. 

52 

52 

Selection  119,  1909 

79 

53 

44 

29 

59 

82 

^ 

0 

42 

49 

53 

Red  Blaze,  original. . . 

79 

44 

52 

20 

44 

81 

6 

0 

37 

29 

54 

Red  BlazeXSelection 

119 

73 

78 

48 
55 

-  9 

52 

48 

18 
24 

45 
54 

81 
182 

7^ 
lOi 

-20 

0 

1 

42 
50 

44 

55 

Selection  119,  original. 

48 

56 

Selection  119,  1909 

73 

52 

52 

16 

58 

82 

12i 

1 

51 

48 

57 

Cross  100,  original 

80 

40 

40 

24 

49 

82 

4* 

2 

16 

44 

58 

Cross  100  X  Selection 

119 : 

71 

72 

48 
52 

-14 

48 
52 

17 
17 

50 
50 

81 
182 

10 
16i 

-31 

4 
4 

35 

45 

55 

59 

Selection  119,  original. 

50 

60 

Selection  119,  1909.... 

82 

60 

52 

24 

51 

82 

IS 

5 

45 

57 

61 

Cross  120,  original 

65 

43 

38 

24 

48 

81 

m 



10 

36 

44 

62 

Cross  120  X  Selection 

119 

77 
82 

58 
53 

12 

60 
45 

12 
38 

57 
47 

82 
182 

20h 

15i 

22 

10 
6 

42 
46 

56 

63 

Selection  119,  original. 

53 

64 

Selection  119,  1909 

80 

44 

36 

37 

51 

80 

17 

6 

39 

53 

65 

Hickory  King,   orig- 

inal      

68 

35 

44 

20 

56 

80 

18 

12 

45 

47 

66 

Hickory      KingX  Se- 

lection 119            .   . 

(0 

75 

49 
42 

10 

58 
28 

14 
37 

51 
51 

83 

180 

16.V 

6 

6 
3 

40 
49 

54 

67 

Selection  119,  original. 

50 

68 

Selection  119,  1909 

80 

45 

36 

40 

48 

80 

m 

0 

33 

48 

69 

Selection  78,  original.. 

77 

33 

24 

39 

33 

83 

9V 

0 

34 

36 

70 

Selection  78  X  Selec- 

tion 119 

82 
80 

42 
37 

2 

32 
20 

38 
46 

36 
46 

81 
181 

Hi 
12 

11 

4 

1 

41 
41 

42 

71 

Selection  119,  original. 

45 

72 

Selection  119,  1909.... 

81 

37 

23 

43 

46 

79 

15 

6 

39 

41 

1 1909  seed  substituted  for  original  seed. 

Table  II  shows  the  usual  inexplicable  variations  of  test-plat  work. 
Especially  do  such  variations  occur  in  the  duplicate  planting  at  Pike 
Crossing  where  the  soil  was  so  deplete  of  humus  that  from  a  fuiancial 
standpoint  the  crop  was  a  failure.  Under  these  very  adverse  con- 
ditions it  is  rather  surprising  that  the  results  accord  with  those  of 
the  other  three  tests  as  well  as  they  do. 

COMPARATIVE   PRODUCTIVENESS   OP   SEEDS    OP   1908   AND    1909. 

Table  II  shows  42  instances  in  which  the  1908  seed  and  1909  seed 
of  the  male  parent  were  planted  in  adjacent  rows.  In  33  of  these 
42  instances  the  1909  seed  produced  the  better,  in  five  the   1908 
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seed  produced  the  better,  and  in  four  the  yield  was  the  same.  The 
1908  seed  produced  1,797  pounds  of  ears  and  the  1909  seed  produced 
1,938  pounds,  a  decreased  yield  of  7  per  cent,  due,  perhaps,  to  the 
poor  development  or  loss  of  A^igor  of  the  1908  seed.  The  1909  seed 
was  groA\ii  from  the  1908  seed  under  conditions  that  prevented  any 
crossing  with  other  varieties.  Its  greater  productiveness  therefore 
can  not  be  attributed  to  mixture  with  other  varieties. 

While  the  1908  seed  of  Selection  119  produced  7  per  cent  less  than 
its  progeny  seed  grown  in  1909,  it  is  not  certain  that  the  age  of  the 

1908  seed  was  the  cause  of  the  decreased  productiveness  as  the  seed 
germinated  perfectly  the  spring  following  its  maturity,  and  also 
showed  a  germination  of  98  per  cent  in  the  spring  of  1910.     The 

1909  seed  showed  a  germination  of  100  per  cent  in  the  spring  of  1910. 
A  comparison  of  the  productiveness  of  the  1908  and  1909  seed  of 

the  female  parents  shows  sufficient  instances  in  which  the  1908  seed 
produced  better  than  the  1909  seed  to  make  the  average  production 
of  the  1908  seed  equal  to  that  of  the  1909  seed. 

CROSSES   COMPARED   IN   PRODUCTIVENESS    WITH   THE    MALE   PARENT. 

In  computing  the  per  cent  of  increased  3'ield  over  the  male  parent 
in  Table  II  the  seed  of  the  male  parent  grown  the  same  3'ear  the  cross- 
ing was  accomplished  is  considered.  As  none  of  the  female  parents 
consistently  produced  better  than  the  male  parent,  the  male  parent 
of  all  the  crosses.  Selection  119,  is  taken  as  the  basis  with  which  to 
compare  the  crosses.  In  all  cases  the  average  yield  of  two  rows,  the 
nearest  one  on  either  side  of  the  cross,  is  compared  with  the  cross. 

Considering  that  contradictory  results  from  any  of  the  four  tests 
is  sufficient  cause  for  ignoring  all  four  of  the  tests,  we  have  remain- 
ing five  crosses  which  produced  uniformly  less  than  their  male  parent, 
and  two  comparisons  in  which  the  cross  uniformly  produced  better 
than  either  parent. 

The  five  first-generation  crosses  (x  Selection  119)  that  uniformly 
produced  less  than  the  better  of  the  two  parents  are  Illinois  Lea- 
rning, Sturges  Hybrid  Flint,  Silvermine,  Golden  Eagle,  and  Selec- 
tion 77. 

The  two  firstr-generation  crosses  (X  Selection  119)  that  uniformly 
produced  better  than  either  parent  are  Cross  120  and  Hickory  King. 

COMBINED    RESULTS   OP  THE   FOUR    MARYLAND   TESTS. 

In  Table  III  the  four  separate  Maryland  tests  are  combined.  In 
the  Derwood  test  some  of  the  female-parent  varieties  were  represented 
by  both  1908  and  1909  seed.  In  such  instances  the  average  of  the 
two  has  been  used.  In  these  combined  results  this  comparison  of 
the  crosses  with  the  ]>etter  yielding  of  the  two  parents  is  a  straight 
comparison  of  the  crosses  with  their  male  parent,  for  it  is  more  pro- 
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ductive  than  any  of  the  female  parents  except  Fraley  Yellow  Dent, 
which  it  equals. 

Table  III. — Productiveness  of  first-generalion  crosses  of  com  compared  uith  that  of  the 
better  parent,  1909  seed  of  the  male  parent  being  considered. 


Variety  and  cross. 

Num- 
ber of 
Stalks.! 

Grain  yield. 

Stover  yield. 

Mois- 
ture in 
shelled 
grain 
when 
ears 
were 
weighed. 

Water-free 
basis. 

Row 

No. 

Ears. 

In- 
crease 
over 

better 
parent. 

Weight. 

In- 
crease 
over 
heavier 
stover- 
produo 

Ing 
parent. 

Ears. 

In- 
crease 
over 
better 
parent. 

1 
3 

Selection  159  X  Selection  119. 
Selection  119, 1909 

363 
361 
358 
359 
363 
356 
367 
363 
357 
357 
365 
365 
362 

363 
359 
361 

364 
359 
358 

361 
365 

372 

364 
359 
351 
368 
359 
355 
360 
359 
360 

359 
357 
360 
350 
361 
357 
352 
355 
361 
350 
365 
345 
358 
359 
348 

359 
359 
359 

361 
360 

Pounds. 
ITS 
195 
167 
198 
190 
144 
187 
191 
177 
145 
183 
204 
140 

184 
180 
142 

168 
191 
142 

183 
196 

103 

170 
178 
138 
166 
197 
117 
169 
175 
173 

173 
180 
1G8 
167 
186 
147 
180 
193 
138 
169 
185 
179 
215 
174 
164 

204 
186 
163 

184 
181 

P.ct. 

-  9 

'  3" 

■■_■-■■ 

-16'" 

-  7  ' 

-  4 

-  9 

-  5 

-  9 

-  3 
■■■26"' 

13 

"  o.'s' 

Pounds. 
194 
197 
200 
211 
193 
220 
247 
192 
190 
178 
215 
192 
104 

137 
183 
132 

178 
198 
126 

180 
199 

112 

162 
195 
141 
167 
214 
112 
157 
203 
217 

231 
212 
195 
197 
223 
145 
184 
214 
198 
208 
203 
198 
234 
209 
265 

267 
215 
171 
201 

214 

r.ct. 

-  2 

-  i  " 

12  ' 

-27 

-  7 

-  9 

-18 

■-is'" 
-25'"' 

6 

-ie"" 

1 
Mi'e'"' 

P.ct. 
3L4 

28.8 
28.5 
30.0 
28.8 
30.2 
31.9 
28.8 
28.8 
27.2 
27.7 
28.8 
22.1 

22.2 

28.8 
27.6 

26.7 

28.8 
24.8 

26.3 
28.8 

19.9 

25.5 

28.8 
23.8 
27.6 
28.8 
25.6 
25.5 
28.8 
27.2 

29.2 
28.8 
30.7 
30.0 
28.8 
26.0 
27.4 
28.8 
27.4 
29.3 
28.8 
32.2 
29.2 
28.8 
33.7 

32.0 
28.8 
28.1 
29.8 
28.8 

Pounds. 
122.1 
138.8 
119.4 
138.6 
135. 3 
100.  5 
127.4 
136.0 
126.1 
105.6 
132.3 
14.5. 3 
109.1 

143.1 

128.2 
102.8 

123.1 
1.36.0 
106.7 

134.8 
139.6 

82.5 

126.7 
126.8 
105.2 
120.2 
140.3 
87.0 
125.9 
124.6 
125.9 

122.4 
128.2 
116.4 
116.9 
132.5 
108.8 
130.7 
137.4 
100.2 
119.5 
131.7 
121.4 
152.2 
123.9 
108.7 

138.7 
132.5 
117.2 
129.3 
128.9 

P.ct. 

-12 

4 

Selection  137 

5 
7 

Selection  137  X  Selection  119. 
Selection  119, 1909 

1 

8 

Selection  138 

9 
11 

Selection  138  X  Selection  119. 
Selection  119, 1909 

-  6 

12 
14 

Selection  119  X  Selection  119. 
Whitecap,  original 

-10 

15 
17 

Whitecap  X  Selection  119.... 
Selection  119,  1909 

-  6 

18 
19 

Ohio  Learning,  original 

Ohio  Learning  X  Selection 
119 

5 

21 

Selection  119,  1909 

22 
23 

Illinois  Learning,  original 

Illinois  Learning  X  Selection 
119 

_  7 

25 

Selection  119,  1909 . 

26 
27 

Reid  Yellow  Dent,  original.. 
Reid  Yellow  Dent  X  Selec- 
tion 119 

—  2 

29 

Selection  119, 1909 

30 

Sturges  Hybrid  Flint,  origi- 
na 

31 

Sturges  Hybrid  Flint  X  Se- 
lection 119 

—  5 

32 

Selection  119, 1909 

33 

Silvermine,  original 

34 
35 

Silvermine  X  Selection  119  . . 
Selection  119, 1909 

-10 

36 
37 
38 

Golden  Eagle,  original 

Golden  Eagle  X  Selection  119. 
Selection  ll9, 1909 

"J.   "5 

39 
40 

Fraley  Yellow  Dent,  original. 
Fraley  Yellow  Dent  X  Selec- 
tion 119 

—  3 

41 

Selection  119, 1909 

42 

Selection  77 

43 
44 
45 
46 
47 
48 

Selection  77  X  Selection  119.. 

Selection  119,  1909 

Red  Blaze,  original 

Red  Blaze  X  Selection  119.. . 

Selection  119, 1909 

Cross  100 

-10 

■■■"i;'3 

49 
50 

Cross  100  X  Selection  119 

Selection  119, 1909 

-11 

51 

Cross  120 

52 
53 

Cross  120  X  Selection  119 

Selection  119, 1909 

19 

54 

55 

Hickory  King,  original 

Hickory  King  X   Selection 
119 

8 

56 

Selection  119, 1909 

57 

Selection  78 

58 
59 

Selection  78  X  Selection  119.. 
Selection  119, 1909 

-  1 

12305°— Bul.  218—12- 


1  Length  of  row  598  feet. 
-3 
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Eleven  of  the  fourteen  crosses  of  distinct  varieties  produced  less 
grain  than  the  better  yielding  of  the  two  parents.  Wlien  the  pounds 
of  ears  harvested  is  reduced  to  a  water-free  basis,  according  to  the 
percentage  of  water  in  the  shelled  grain  at  harvest  time,  the  general 
results  remain  the  same,  namely,  11  comparisons  in  which  the  first- 
generation  cross  produced  less  and  3  in  which  it  produced  more  than 
the  better  yielding  of  the  two  parents. 

In  Table  IV  those  crosses  which  produced  better  than  either  parent 
are  classed  as  advantageous.  The  others  are  classed  as  disadvan- 
tageous. 

Table  IV. — First-generation  crosses  of  corn  (male  parent,  Selection  119),  showing  pounds 
of  grain  produced  {water-free  basis)  and  classified  as  advantageous  and  disadvantageous. 


Yield. 

Female  parent  and  classification. 

Of  parent. 

Of  cross. 

Increase 
over 

Female. 

Male. 

better 
parent. 

Disadvantageous — Crosses  less  productive  than  the  better  parent: 
Whitecap 

Pounds. 
106 
103 
107 

83 
105 

87 
126 
116 
109 
100 
117 

Pounds. 
141 
132 
138 
133 
1.34 
132 
126 
130 
135 
135 
131 

Pounds. 
132 
123 
135 

127 
120 
126 
122 
117 
131 
120 
129 

Per  cent. 

-  6 

Illinois  Leamine. .           

-  7 

Reid  Yellow  Dent 

-  2 

Sturges  Hybrid  Flint 

-  5 

Silvermine 

-10 

Golden  Eagle 

—  5 

Fraley  Yellow  Dent 

-  3 

Selection  77 

-10 

Red  Blaze 

—  3 

Cross  100 

—  11 

Selection  78. 

-  1 

Average 

105 

133 

126 

-  6 

Advantageous— Crosses  more  productive  than  the  better  parent : 
Ohio  Leaming 

109 
121 
109 

137 
128 
128 

143 
152 
139 

5 

Cross  120 

19 

Hickory  Kine 

8 

Average 

113 

131 

145 

10 

ADVANTAGEOUS    CROSSES. 


Without  consideration  of  water  content  the  Oliio  Leaming  cross 
would  be  a  disadvantageous  cross,  but  the  dryness  of  the  ears,  due 
doubtless  in  some  degree  to  the  earliness  of  the  female  parent,  causes 
it  to  fall  into  the  class  of  advantageous  crosses  with  an  increased 
yield  of  5  per  cent  over  Selection  119.  A  cross  made  in  1900  in 
which  this  strain  of  Leaming  was  used  as  male  parent  also  produced 
dry  and  unusually  solid  ears. 

Cross  120  was  originated  in  1902  by  planting  occasional  rows  of 
Hickory  King  in  a  field  of  Selection  119.  All  Hickory  King  stalks 
were  detasseled.  Since  1902  Cross  120  and  Selection  119  have  been 
improved  in  yield  and  adapted  to  climatic  and  soil  conditions  near 
Washington,  D.  C,  by  yearly  growing  ear-to-row  breeding  plats 
and  saving  seed  from  the  best  stalks  of  the  highest  yielding  rows. 
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It  is  of  especial  interest  that  these  two  unproved,  acchmated, 
and  related  strains  when  crossed  in  1909  should  give  a  first-generation 
cross  of  much  greater  yielding  power  than  either  parent.  This 
first-generation  cross  pro(hiced  better  than  any  of  the  other  first- 
generation  crosses  and  better  than  any  of  the  other  varieties  tested. 
It  is  the  only  cross  that  produced  far  better  than  either  parent  in  all 
four  tests.  By  these  tests  the  value  of  the  seed  of  this  particular 
first-generation  cross  for  tlie  conditions  prevailing  at  these  points  in 
Maryland  in  1910  has  been  demonstrated.  These  two  strains  are 
now  being  crossed  extensively  in  producing  seed  for  general  planting. 
This  cross-pollinated  seed  is  designated  "  First-Generation  Cross  No. 
182." 

The  third  and  last  advantageous  cross  of  the  14  crosses,  as  classi- 
fied in  Table  TV,  is  the  same  cross  that  gave  origin  to  Cross  120 
which,  after  six  years  of  selection  and  adaptation,  produces  some- 
what less  than  the  first-generation  cross  of  the  same  parents  made 
in  1909,  after  each  parent  has  undergone  six  years  of  selection  and 
adaptation.  This  fact  mdicates  that  it  is  more  j^rofitable  to  acch- 
mate  and  improve  the  parents  of  an  advantageous  cross  separately 
and  cross  them  yearly  to  obtain  seed  than  to  cross  them  once  and 
then  rely  upon  the  acclimatization  and  improvement  of  the  cross. 
Furthermore,  since  Cross  120,  after  six  years  of  improvement,  when 
crossed  with  Selection  119  gives  a  first-generation  cross  of  superior 
productiveness,  it  would  seem  that  the  recrossing  of  a  cross  some- 
times gives  better  seed  than  the  crossing  of  the  origmal  pure-bred 
varieties.  The  advantage  may  be  due  to  adaptation,  as  one  of  the 
original  parents.  Hickory  King,  has  not  been  adapted  to  conditions 
near  Washington,  D.  C. 

DISADVANTAGEOUS   CROSSES. 

The  Whitecap  variety  is  adapted  to  conditions  in  Delaware,  where 
it  is  quite  extensively  grown.  It  yields  a  very  large  ear,  with  a 
large  cob,  and  yellow  kernels  with  white  caps.  Neither  in  weight 
of  ears  as  harvested  nor  on  a  water-free  basis  did  the  first  generation 
cross  of  Whitecap  and  Selection  119  produce,  as  weU  as  the  male 
parent. 

The  Illinois  Learning,  though  a  pure  selection  from  the  Ohio 
Leaming,  is  now  very  unlike  it  in  appearance.  The  Illiriois  Leaming 
is  of  a  rougher  type,  with  broader  kernels.  According  to  pounds 
of  ears  at  harvest  the  crosses  of  the  two  strains  of  Leaming  with 
Selection  119  fell  below  the  male  parent  in  production.  The  Illmois 
Leaming  cross  did  not  produce  as  well  as  the  Ohio  Leaming  cross, 
and  the  grain  contained  more  water  at  harvest  time.  Making  the 
comparison  of  yields  on  a  water-free  basis  the  Ohio  Leaming  cross 
is  advantageous  and  the  Illinois  Leaming  cross  is  disadvantageous. 
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Sturges  Hybrid  Flint,  tlie  only  flint  variety  used  in  these  experi- 
ments, is  a.v«large-eared  yellow  corn  adapted  to  Connecticut  condi- 
tions. It  has  stalks  considerably  shorter  than  those  of  the  male 
parent  and  is  20  da^'s  earlier.  The  cross  was  intermediate  between 
the  two  parents  in  size  and  time  of  maturit}'.  The  first-generation 
cross  produced  much  better  than  the  female  parent,  but  not  quite 
as  well  as  the  male  parent. 

Silvermine,  a  white  dent,  and  Golden  Eagle,  a  yellow  dent,  are 
the  earliest  varieties  used  in  these  experiments  except  Sturges 
Hybrid  Flint.  Their  first-generation  crosses  with  Selection  119 
produced  much  better  than  the  female  parents,  but  not  quite  as 
well  as  the  male  parent.  In  comparison  with  the  results  from  this 
same  seed  as  tested  in  California  (discussed  later)  it  should  be 
noted  here  that,  wliile  in  ^Maryland  Silvermine  is  but  an  average 
producer  and  Golden  Eagle  is  second  to  the  poorest  of  all  the 
varieties,  under  California  conditions  both  these  varieties  rank  very 
high  in  production. 

Fraley  Yellow  Dent  is  the  variety  that  for  15  years  has  been 
grown  on  the  Derwood  farm  on  which  two  of  these  four  tests  were 
made.  It  is  a  productive  variety  adapted  to  the  conditions  at 
Derwood  and  unrelated  to  Selection  119.  Among  the  14  fii'st- 
generation  crosses  tested  this  is  the  only  instance  m  which  both 
parents  are  more  productive  than  the  first-generation  cross.  The 
1908  seed  of  the  female  parent  produced  slightly  better  than  the 
cross.  Except  that  Fraley  Yellow  Dent  differs  in  color  from  the 
male  parent  and  has  not  been  improved  by  ear-to-row  selection, 
the  conditions  of  this  disadvantageous  cross  are  similar  to  those  of 
the  most  advantageous  cross  of  the  series,  both  parents  being  well 
adapted  to  climatic  and  soil  conditions  and  highly  productive. 

Selection  77  resembles  Cross  120  and  like  it  has  undergone  man}'' 
years  of  selection.  Cross  120  is  adapted  to  Maryland  conditions, 
and  Selection  77  to  Scioto  River  Valley  conditions  in  Ohio.  With 
Selection  119  as  male  parent  Cross  120  makes  a  higldy  advantageous 
cross  and  Selection  77  a  disadvantageous  cross. 

Cross  100  was  made  at  the  same  time  (1902)  and  in  the  same 
manner  as  Cross  120,  Boone  County  White  being  the  male  parent 
m  each  case.  Hickory  King,  a  broad-kerneled  small-cobbed  corn, 
was  female  parent  of  Cross  120,  and  Dotson,  a  long-kerneled,  small- 
eared,  small-cobbed  corn,  was  female  parent  of  Cross  100.  The 
two  crosses  have  had  similar  ear-to-row  selection  smce  1902.  Cross 
100  has  yearly  been  grown  on  poorer  soil  than  has  Cross  120. 
Although  of  such  similar  history  and  treatment,  when  these  crosses 
are  crossed   with   the   related   variety,   Boone  County    White,   one 
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makes  a  highly  advantageous  first-generation  cross  and  the  other  a 
disadvantageous  first-generation  cross. 

Of  all  the  varieties  used  as  female  parents,  the  most  productive 
and  the  seven  least  productive  formed  disadvantageous  first-genera- 
tion crosses  with  Selection  119. 

COMPARISON    OP   FIRST-GENERATION   CROSSES    WITH   THE    1908   SEED   OF     BOTH 

PARENTS. 

Although  placing  the  odds  in  favor  of  the  crosses,  a  comparison 
is  here  made  between  the  productiveness  of  first-generation  crosses 
and  that  of  the  parents  as  grown  from  the  original  (1908)  seed. 

There  are  31  instances  in  which  the  first-generation  cross  occu- 
pied a  row  between  rows  of  either  parent  in  which  the  2-year-old 
seed  was  planted.  In  these  31  comparisons  the  cross  exceeds  the 
better  of  the  two  parents  in  14,  equals  it  in  1,  and  produces  less  in 
16.  Of  these  16  cases  the  male  parent  exceeds  the  cross  in  15  and 
the  female  parent  (the  Fraley  Yellow  Dent  variety)  once. 

It  should  be  noted  here  that  if  these  Maryland  tests  had  been 
restricted  to  the  original  seed  of  the  parents,  as  has  been  done  in 
a  few  reported  tests  of  this  nature,  the  first-generation  crosses  would 
have  stood  much  higher  in  production  in  comparison  with  the  parent 
varieties. 

RELATIVE    GRAIN   PRODUCTION   OP    PARENT  VARIETIES    AND  FIRST-GENERATION 

CROSSES. 

Expressed  in  terms  of  bushels  per  acre,  allowing  70  pounds  of 
ears  containing  15  per  cent  of  moisture  to  the  bushel,  the  parents 
and  crosses  rank  as  follows  for  the  four  tests  combined: 

Male  parent,  1909  seed 49 

First-generation  crosses,  1909  seed 47 

Male  parent,  1908  seed 45 

Female  parents,  mostly  1908  seed 39 

This  relative  production  is  shown  in  figure  1.  As  the  yield  for 
each  field  row  shown  in  the  diagram  is  the  combined  yield  of  a  row 
from  each  of  the  four  tests,  the  curves  show  the  relative  production 
of  the  different  lots  of  seed  with  fluctuating  variations  and  varia- 
tions due  to  soil  conditions  somewhat  reduced. 

The  four  Maryland  tests  show  the  production  of  the  crosses  in 
general  to  be  much  above  the  average  for  the  parents  and  somewhat 
below  the  male  parent.  Of  the  14  crosses  between  distinct  strains 
the  cross  of  Cross  120  with  Selection  119  is  the  only  one  that  is 
remarkably  superior  to  Selection  119  for  the  soil  and  climatic  con- 
ditions   under    which    the    tests    were    conducted.     The    increased 
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productiveness  of  this  cross  seems  sufficient  to  warrant  the  crossing 
of  these  two  strains  in  producing  seed  for  general  use  in  Maryland 
and  Virginia,  where  conditions  similar  to  those  of  the  tests  exist. 

As  1909  seed  of  the  male  parent  occupied  every  third  or  fourth 
row  in  all  four  of  the  tests,  a  check  or  standard  is  afforded  for  com- 
paring the  productiveness  of  all  the  varieties  and  crosses.  In  Table 
V  the  varieties  and  first-generation  crosses  are  classified  and  arranged 
in  separate  columns  in  the  order  of  their  productiveness,  the  most 
productive  being  mentioned  first  and  ranked  as  1.  In  computing 
the  comparative  productiveness  of  the  varieties  and  crosses  for  this 
table  the  yield  of  a  variety  is  decreased  or  increased  proportionately 
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Fig.  1.— Diagram  showing  the  relative  production  of  parent  varieties  of  com  and  their  first-generation 
crosses  in  Maryland,  1910:  A,  Male  parent,  variation  of  1909  seed;  B,  male  parent,  mean  of  1909  seed; 
C,  mean  of  crosses;  D,  variation  of  crosses;  E,  male  parent,  variation  of  1908  seed;  F,  male  parent, 
mean  of  1908  seed;  G,  variation  of  female  parents;  H,  mean  of  female  parents. 

as  the  average  yield  of  the  two  nearest  rows  of  Selection  119  exceeds 
or  falls  short  of  the  general  average  of  Selection  119  for  all  rows  in 
all  the  tests. 

From  the  seven  best  female  parents  the  crosses  of  six  are  found 
among  the  seven  best  crosses,  Selection  77  being  the  only  high- 
producing  variety  whose  cross  is  a  poor  producer.  ^Uong  with  this 
indication  that  the  productiveness  of  the  parents  influences  the 
productiveness  of  the  cross  there  are  sufficient  exceptions  to  indi- 
cate that  the  productiveness  of  a  first-generation  cross  is  sometimes 
determined  to  a  great  degree  by  other  factors. 
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Table  V. — Parent  varieties  and  crosses  classified  and  ranked  according  to  the  computed 
production  of  ear  corn  {basis  of  15  per  cent  moisture). 


Rank. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 


First-generation  cross  (X  Selection  119). 


Cross  120 

Hickory  King. 
Ohio  Learning. 


Selection  78 

Reid  Yellow  Dent 

Fraley  Yellow  Dent. . 

Red  Blaze 

Sturges  Hybrid  Flint. 
Golden  Eagle 


Whitecap 

Illinois  Learning. 

Silvermine 

Selection  77 


Cross  100. 


Parent  variety. 


Selection  119  (average  for  60  rows). 
Fraley  Yellow  Dent 


Cross  120. 


Selection  78. 
Selection  77. 


Hickory  King 

Red  Blaze 

Ohio  Learning 

Silvermine 

Illinois  Learning 

Reid  Yellow  Dent 

"Whitecap 

Cross  100 

Golden  Eagle 

Sturges  Hybrid  Flint. 


Yield 
per  acre. 


Btisheh. 


58 
53 
51 
49 
48 
48 
47 
47 
47 
46 
46 
46 
46 
45 
44 
44 
44 
43 
43 
41 
39 
39 
38 
38 
38 
36 
36 
32 
30 


STOVER    WEIGHTS    OP   PARENTS   AND   CROSSES   COMPARED. 

As  no  determinations  were  made  of  the  water  content  of  the  stover, 
a  comparison  of  weights  of  stover  at  liarvest  time  does  not  repre- 
sent food  value  and  is  of  httle  importance  except  in  indicating  the 
earliness  of  maturity  of  the  crosses  and  parent  varieties.  The  stalks 
of  the  later  maturing  varieties  contained  considerable  sap  when 
weighed  the  latter  part  of  October,  while  those  of  the  earlier  matur- 
ing varieties  contained  very  little  sap.  In  4  cases  out  of  the  14 
the  stover  weight  of  the  crosses  is  lighter  than  the  average  of  the 
two  parents.  In  3  of  these  4  cases  the  female  parent  matures  fully 
10  days  earlier  than  Selection   119. 

In  general,  the  crosses  seemed  intermediate  between  the  parents 
regarding  height  and  time  of  maturing.  It  seems  that  the  earlier 
maturing  parents  transmitted  to  their  crosses  their  early-maturing 
character  in  sufficient  degree  to  cause  the  stover  to  weigh  less  than 
the  average  for  the  two  parents.  Sturges  Hybrid,  the  only  flint 
variety  in  the  test,  is  an  exception  in  this  respect.  In  no  instance 
was  the  stover  weight  of  a  cross  as  light  as  that  of  the  lighter  pro- 
ducing parent. 

The  cross  of  Cross  120,  which  gave  so  remarkable  an  increase  in 
grain  production,  also  gave  14  per  cent  increased  stover  weight  over 
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the  heavier  producmg  parent  and  16  per  cent  increase  over  the 
average  of  its  two  parents.  The  'VMiitecap  cross  also  gave  16  per 
cent  increase  over  the  average  of  its  two  parents  and  12  per  cent 
over  the  heavier  producing  parent,  but  in  grain  production  it  fell 
6  per  cent  below  the  better  of  its  two  parents. 

Of  the  14  first-generation  crosses  of  distinct  varieties  10  produced 
fewer  pounds  of  stover  than  the  heavier  yielding  of  the  two  parents. 

CORN  CROSSES  AT  CHICO,   CAL.,   1910. 
CONDITIONS    OF   THE    TEST. 

The  crosses  made  in  1909  in  Marjdand  were  also  growTi  at  Chico, 
Cal.,  in  1910,  in  comparison  A\ith  their  parent  varieties.  The  plant- 
ine:s  were  so  arrano;ed  that  each  row  of  the  cross  came  between  rows 
of  its  parent  varieties. 

The  soil  upon  which  these  plantings  were  made  was  medium  loam 
which  had  gro\\^l  alfalfa  for  four  years  previous  to  1910. 

The  land  was  broken  to  a  depth  of  about  10  inches  in  December, 
1909,  with  a  second  breaking  in  April,  1910,  to  a  depth  of  6  inches, 
and  marked  out  in  shallow  furrows  3^  feet  apart.  Both  plowings 
were  made  in  lands  running  north  and  south  and  the  corn  rows  were 
marked  out  east  and  west,  so  that  no  rows  would  fall  on  dead  or  back 
furrows. 

On  April  14  three  kernels  were  dropped  by  hand  in  each  hill  in 
the  furrows  and  lightly  covered  with  the  foot.  Hills  were  3|  feet 
apart  in  the  row  and  80  to  each  row.  Four  cultivations  were  given 
during  the  season. 

On  account  of  the  surface  soil  being  somewhat  dry  at  planting  time 
and  some  seed  being  taken  by  gophers,  an  uneven  stand  resulted. 

The  rainfall  after  planting  amounted  to  less  than  one-half  inch 
and  no  irrigation  was  given.  Sufficient  water  was  contained  in  the 
soil  early  in  the  season  to  give  all  varieties  a  good  growth  of  stalk, 
the  average  height  being  about  8^  feet.  This  moisture  supply 
was  not  great  enough,  however,  to  produce  a  good  crop  of  ears. 
Many  of  the  ears  were  small  and  about  25  per  cent  of  the  stalks  were 
barren. 

The  number  of  stalks  per  row,  number  of  hills,  average  number 
of  stalks  per  hill,  pounds  of  ears  per  row,  average  number  of  pounds 
per  stalk,  percentage  increase  in  yield  per  stalk  of  cross  over  the  better 
parent,  number  of  good  and  poor  ears,  and  weight  of  stover  are  given 
in  Table  VI. 
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The  order  of  plantings  is  preserved  in  the  table,  but  for  greater 
ease  in  comparing  the  cross  with  its  parent  varieties  each  row  of 
Selection   119  is  given  twice. 

The  yield  per  stalk  of  the  different  varieties  is  represented  graphi(;- 
ally  in  diagram  1. 

Diagram   1 —Variation  in  yield  per  stalk  of  crosses  and  parent  varieties  of  com  at 

Chico,  Cal,  1910} 


Field 
row 
No. 


1 
2 
3 

4 
5 
6 

7 
8 

9 

10 
11 
12 
13 

14 
15 

16 
17 

18 

19 
20 
21 
22 
23 

24 
25 

26 
27 
28 

29 
30 
31 
32 
33 

34 

35 
36 
37 
38 

39 
40 
41 
42 
43 

44 
45 
46 


Variety  and  cross. 


Pound. 


0.0 


0.1 


0.2 


0.3 


0.4 


Selection  119 

Illinois  LeamingXll9 

Illinois  Learning 

Selection  78 

Selection  78X119 

Selection  119 

Reid  Yellow  DentXll9 

Raid  Yellow  Dent 

Fraley  Yellow  Dent 

Fraley  Yellow  Dent  X 119-  -  - 

Selectionll9 

SilvermineXll9 

Silvermine 

Selection  137 

Selection  137X119 

Selection  119 

Selection  138X119 

Selection  138 

Hickory  King 

Hickory  KingXll9 

Selection  119 

Golden  EagleXll9 

Golden  Eagle 

Whitecap 

WhitecapXUg 

Selection  119 

Cross  100X119 

Cross  100 

Selection  159 

Selection  159X119 

Selection  119 

Ohio  LeamingXll9 

Ohio  Learning 

Sturges  Hybrid  Flint 

Stiirges  Hybrid  FlintXll9  . 

Selection  119 

Selection  77X119 

Selection  77 

Selection  119  (1908) 

Selection  119  (1908)X119.-.. 

Selection  119 

Cross  120X119 

Cross  120 

Red  Blaze 

Red  BlazeXll9 

Selection  119 


1  The  yield  of  first-generation  crosses  is  indicated  by  the  heavier  lines. 
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Table  VI  —Tests  of  production  of  parent  varieties  and  first-generation  crosses  of  com  at 

Chico,  Cal.,  1910. 


1 
Variety  and  cross. 

1 
55 

2 

"3 
m 

Yield. 

AVeight  of  ears. 

Number  of 
ears. 

Weight  of 
stover. 

6 

1 

2 

a 

■3 

M 
t-i 

P.1 

11 

■6 
0 
0 
0 

8 

1 

1 

Splpfition  119      

169 
140 
111 

131 
142 
155 

155 
122 
146 

142 
149 
159 

159 
160 
107 

108 
148 
147 

147 
141 
146 

122 
129 
103 

163 
144 
122 

109 
116 
126 

126 
123 
121 

99 
107 
115 

115 
114 
102 

79 

106 

80 

80 
95 

71 

95 
83 
95 

95 

111 

75 

67 

111 

89 

72 
65 
50 

52 
61 
71 

71 
56 
68 

67 
70 
68 

68 
68 
60 

60 
64 
63 

63 
67 
69 

59 
00 
70 

70 
66 

58 

50 
59 
53 

53 
61 

58 

53 
54 
52 

52 
53 
54 

49 
50 
41 

41 
44 
35 

45 
50 
46 

46 
59 
39 

37 
57 
44 

2.4 
2.1 
2.2 

2.5 
2.3 
2.2 

2.2 
2.2 
2.1 

2.1 
2.3 
2.4 

2.4 
2.3 

1.8 

1.8 
2.3 
2.3 

2.3 
2.1 
2.1 

2.1 
2.1 
2.3 

2.3 
2.2 
2.1 

2.2 
2.0 
2.4 

2.4 
2.0 
2.1 

1.9 
2.0 
2.2 

2.2 
2.1 
1.9 

1.6 
2.1 
2.0 

2.0 
2.2 
2.0 

2.1 
1.7 
2.1 

2.1 
1.9 
1.9 

1.8 
1.9 
2.0 

Lbs. 
41 
37 
28 

31 
35 
35 

35 
34 
41 

27 
32 
34 

34 
51 
41 

31 
47 
39 

39 
50 
50 

27 
39 

58 

58 
64 

47 

26 
37 
37 

37 
40 
21 

26 
31 
37J 

37§ 

37 

39 

19 

35 
29i 

29i 
30i 
27 

23* 
31' 
29i 

29J 

41 

25 

22 

43J 

22 

Lbs. 

0.242 
.264 
.254 

.247 
.248 
.226 

.226 
.278 
.281 

.190 
.215 

.214 

.214 
.318 
.383 

.287 
.331 
.265 

.265 
.355 
.342 

.221 
.303 
.3.56 

.3.56 
.445 
.385 

.238 
.319 
.294 

.294 
.325 
.173 

.263 
.290 
.326 

.326 
.324 
.382 

.241 
.330 
.369 

.369 
.369 
.380 

.248 
.373 
.310 

.310 
.373 
.334 

.328 
.395 
.247 

P.ct. 

""0 
"Hi" 
""0 
'-17' 

"is 
""4 

'-is' 

"ie" 

""s 
...... 

'-ii' 
'—is' 
'-ii' 
"6' 
"26' 
'"12 
'"26 

52 
48 
40 

48 
52 
40 

40 
52 
57 

38 
40 
36 

36 
65 
55 

42 
60 
57 

57 
62 
68 

56 
72 

74 

74 
92 
72 

35 
44 
37 

37 
55 
52 

34 

40 
46 

46 
50 
64 

40 
52 
42 

42 

36 
44 

26 
32 
36 

36 
45 
43 

38 
64 
26 

75 
68 
48 

42 
57 
68 

t 

51 

58 
60 
75 

75 
68 
54 

58 
60 
68 

68 
72 
70 

62 
52 
80 

80 
47 
42 

52 
56 
69 

69 
60 
63 

54 
57 
57 

57 
62 
40 

40 
60 
40 

40 
52 
32 

63 
63 
52 

52 
68 
37 

38 
54 
58 

Lbs. 

130 

106 

69 

83 
106 
137 

137 

85 
97 

118 
133 
121 

121 

123 

70 

99 
134 
117 

117 
156 
135 

106 
122 
132 

132 

120 

75 

110 
129 
110 

110 
113 
101 

85 
104 
111 

111 
92 
60 

67 

106 

77 

77 
90 
70 

93 
94 
93 

93 

125 

67 

54 
97 
80 

Lbs. 
0.770 

2 

Tllinoi"?  Tjeaminey  119 

.757 

3 

Tllinois  Leamiiitr- 

.622 

4 

Splpotlon  78           

.633 

5 

Selection  78X119 

.747 

G 

Selection  119 

.884 

c 

Selection  119 

.884 

7 

Reid  Yellow  DentXll9 

.697 

g 

Reid  Yellow  Dent 

.665 

9 

Fralev  Yellow  Dent 

.832 

10 
11 

Fraley  Yellow  DentXll9 

Selection  119 

.894 
.761 

11 

Selection  119     

.761 

1? 

SilvennineXll9 

.769 

n 

SUvennine 

.654 

14 

Selection  137 

.916 

15 

Selection  137X119 

.906 

16 

Selection  119 

.796 

16 

Selection  119 

.796 

17 

Selection  138X119 

1.105 

18 

Selection  138     

.925 

19 

Hickorv  Kine 

.870 

90 

Hickory  KingXll9 

.946 

?1 

Selection  119 

.810 

91 

Selection  119 

.810 

20 

Golden  Eaglexll9 

.834 

93 

Golden  Eagle 

.615 

''•1 

Whitecap 

1.010 

95 

WhitecapX119 

1.113 

96 

Selection  119 

.872 

96 

Selection  119 

.872 

27 

Cross  100X119 

.918 

?8 

Cross  100 

.834 

•X) 

Selection  159 

.859 

30 

Selection  159X119 

.972 

31 

Selection  119 

.965 

31 

Selection  119 

.965 

32 

Ohio  LeamingX  119 

.806 

33 

Ohio  Leamine 

.587 

34 
35 
36 

Sturges  Hybrid  Flint 

Sturges  Hybrid  Flint X 119 

Selection  119 

.849 

1.000 

.961 

36 

Selection  119 

.961 

37 

Selection  77X119 

.946 

38 

Selection  77 

.986 

39 

Selection  119  (1908) 

.930 

40 

Selection  119X119 

1.130 

41 

Selection  119 

.930 

41 

Selection  119 

.930 

4? 

Cross  120X 119 

1.125 

43 

Cross  120 

.893 

44 

Red  Blaze 

.806 

45 

Red  BIazeXU9 

.875 

46 

Selection  119 

.900 
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COMPARISON   OF   CROSSES    WITH   PARENT   VARIETIES. 

It  has  been  claimed,  though  not  universally  accepted,  that  first- 
generation  corn  crosses  are  superior  in  pro(hicing  power  to  the 
varieties  crossed.  The  (hita  herein  submitted  seem  to  bear  out  such 
a  conclusion  when  the  majority  of  cases  and  the  average  of  all  are 
considered. 

Of  the  18  crosses  included  in  this  test,  only  2  do  not  exceed  in  yield 
the  average  of  the  two  varieties  crossed.  The  average  yield  per 
stalk  of  the  10  plantings  of  Selection  119  is  0.280  pound;  for  the  18 
varieties  used  as  female  parents,  0.284  pound;  and  for  the  crosses, 
0.320  pound;  an  increase  of  0.038  pound  per  stalk  in  favor  of  the 
average  of  the  crosses. 

There  is  no  special  advantage  in  growing  first-generation  crosses 
unless  such  crosses  can  be  depended  upon  to  yield  consistently  and 
constantly  more  than  either  of  the  varieties  used  in  making  the 
cross.  This  gain  must  be  sufficiently  large  to  insure  compensation 
for  the  rather  careful  work  necessary  in  making  the  cross  and  in 
keeping  pure  two  varieties  of  corn  for  tliis  purpose. 

Of  the  18  crosses  in  this  test,  9  exceed  either  parent  in  the  yield 
per  stalk,  and  9  are  e([ualed  or  exceeded  by  one  or  the  other  of  the 
parents.  The  difference  in  the  yields  of  the  better  parent  and  of  the 
cross  ranges  in  amount  from  4  to  20  per  cent  in  the  9  comparisons  in 
which  the  crosses  exceed,  and  from  zero  to  17  per  cent  in  the  9  in 
which  the  better  parent  exceeds  the  cross. 

Not  only  are  there  the  same  number  of  comparisons  in  which  the 
cross  exceeds  and  fails  to  exceed  the  better  parent,  but  the  average 
yield  per  stalk  of  the  crosses  and  that  of  the  better  parents  is  the  same, 
being  0.320  pound  in  each  case. 

These  data  do  not  show  that  first-generation  crosses  can,  in  the 
greater  number  of  cases,  be  depended  upon  to  produce  more  than  the 
better  of  the  two  varieties  crossed. 

Two  additional  crosses  were  grown  in  the  test  at  Chico.  The  male 
parent  used  was  Selection  160,  a  large  yellow  flint.  This  corn  has 
been  grown  in  California  for  12  years  or  more  and  at  Chico  for  5 
years.  It  seems  to  be  well  acclimated  and  has  proved  to  be  the  best 
yielder  of  a  number  of  varieties  grown  at  Chico  in  the  last  3  years. 

The  two  varieties  used  as  female  parents  were  Ohio  Leaming  and 
Silvermine.  Next  to  Selection  160  these  have  been  the  liighest 
yielding  of  the  varieties  tested  at  Chico. 

The  crosses  were  made  by  hand-pollinating  ears  of  these  two 
varieties  with  pollen  from  Selection  160  in  the  varietal  test  rows  at 
Chico  in  1909.  Several  ears  in  each  variety  were  also  poUinated 
with  pollen  from  different  stalks  of  the  same  variety.  In  this  way 
seed  of  the  cross  and  that  of  the  female  parent  used  in  the  experiment 

218 


28 


CKOSSBREEDING   CORN, 


in  1910  was  grown  under  identical  conditions  in  1909.  Tlic  Selection 
160  seed  was  also  taken  from  the  1909  crop  and  from  detasseled 
stalks  in  a  near-by,  though  sutliciently  isolated,  field. 

These  two  crosses  are  compared  with  their  parent  varieties  in 
Table  YII. 

Table  VII. — Relative  productiveness  of  first-generation  crosses  and  parent  varieties  of 

corn  crosses  viade  and  tested  at  Chico,  Cal. 


Variety  and  cross. 

Stalks. 

Hills. 

Stalks 
per 
hill. 

Yield. 

Weight  of  ears. 

Number  of  ears. 

Row 
No. 

In  row. 

Per 
stalk. 

De- 
crease 

per 

stalk 

under 

better 

parent. 

Good. 

Poor. 

47 

Silvern!  ine 

149 
139 
140 

140 
152 
144 

65 
61 

64 

64 
63 
67 

2.3 
2.1 

2.2 

2.2 
2.4 
2.1 

Pounds. 
54 
53 
59.5 

59.5 
60.5 
42 

Pounds. 
0.362 
.382 
.425 

.425 
.398 
.282 

P.ct. 

io' 

9' 

72 

88 

112 

112 

HI 

58 

52 

48 
49 

SilvennineXSelection  160 

Selection  160 

46 

44 

49 

Selection  160 

44 

.50 
51 

Ohio  LeamingX Selection  160. 
Ohio  Learning 

61 
50 

RELATION    OF    ADAPTATION  AND    YIELD  OF  PARENT  VARIETIES    TO    THE 

BEHAVIOR    OF    THE    CROSSES. 

Since  there  is  a  wide  range  of  variability  in  the  behavior  of  crosses 
between  different  varieties,  it  is  of  importance  to  discover,  if  possible, 
whether  these  differences  have  an}^  relation  to  the  yielding  power  of 
the  parent  varieties. 

In  this  test,  as  is  usual  in  a  series  of  varieties  collected  from  differ- 
ent localities  and  subjected  to  adveree  conditions,  a  wide  chfference 
exists  in  the  response  of  the  different  varieties  to  these  conditions. 
Since  all  of  the  varieties  are  well  selected  and  improved  for  the  locali- 
ties from  which  they  came,  the  yield  of  each  may  be  taken  as  an 
indication  of  its  adaptation  to  the  con(Htions  of  the  test. 

The  highest  yielcUng  crosses  (x  Selection  119),  arranged  accorchng 
to  productiveness,  are:  Golden  Eagle,  Red  Blaze,  Cross  120,  Selec- 
ti(m  77,  and  Selection  138.  A  comparison  of  the  yields  of  the  original 
varieties  shows  that  tlie  female  parents  of  these  crosses  rank  in  pro- 
ductiveness as  follows:  Golden  Eagle,  lirst;  Red  Blaze,  seventh; 
Cross  120,  sixth;  Selection  77,  fourth;  Selection  138,  fifth.  The 
fact  that  the  female  parents  of  these  high-yielding  crosses  rank  high 
in  yield  among  the  original  varieties  is  an  indication  that  the  adaptiv- 
tion  and  i)i()(ki(tivity  of  the  parent  variety  determine  the  adaptation 
and  productivity  of  tlie  cross  to  some  extent;  or,  in  general,  the 
highest  yielding  crosses  may  be  expected  to  result  from  crossing  the 
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highest  yiekhng  varieties.  This  view  is  supported  by  the  results  of  a 
test  of  the  same  varieties  and  crosses  in  ISIarylanrl  and  also  by  the 
results  obtained  from  the  two  crosses  with  Selection  160. 

While  this  influence  apparently  exists,  it  is  not  sufficiently  constant 
to  be  relied  upon,  as  is  shown  by  comparing  the  crosses  Silvermine 
X  Selection  119  and  Ohio  Learning  X  Selection  119.  The  female 
parents  of  these  crosses  rank  second  and  third  in  yield  among  the 
original  varieties;  the  crosses  are  surpassed  in  productiveness  by  the 
crosses  Sturges  Hybrid  Flint  X  Selection  119  and  Cross  100  X 
Selection  119,  the  female  parents  of  which  rank  low  in  yield. 

The  four  best  producers  of  the  original  varieties  are  Golden  Eagle, 
Silvermine,  Ohio  Leaming,  and  Selection  77.  The  crosses  of  these 
four  varieties  with  Selection  119  are  distributed  in  the  following 
manner  as  regards  the  degree  of  benefit  from  crossing:  One  case  in 
which  the  cross  shows  a  decided  increase  over  the  better  parent, 
one  in  which  the  cross  is  intermediate  between  the  two  parents,  and 
two  in  which  the  cross  about  equals  the  poorer  parent. 

The  five  poorest  producing  varieties  are  Cross  100,  Fraley  Yellow 
Dent,  Hickoiy  King,  Whitecap,  and  Sturges  Hybrid  Flint.  The 
crosses  of  these  five  varieties  with  Selection  119  are  distributed  as 
follows  as  regards  benefit  from  crossing :  Three  better  than  the  better 
parent,  and  two  intermediate  between  the  two  parents. 

The  crosses  with  Selection  119  that  show  the  greatest  gain  in  yield 
over  the  better  of  their  two  parents  are  those  of  Red  Blaze,  Golden 
Eagle,  Selection  137,  and  Cross  120.  If  yields  of  the  original  varieties 
and  of  the  crosses  are  both  considered,  the  female  parents  of  these 
high-yielding  crosses  may  be  classed  as  one  good  and  three  interme- 
diate in  respect  to  yield. 

From  the  examples  set  forth  in  the  preceding  paragraphs  it  would 
seem  that  no  constant  relation  exists  between  the  productivity  of 
varieties  and  the  increase  or  decrease  in  yield  of  their  crosses  as 
compared  with  the  parent  varieties.  The  lack  of  constancy  in  this 
relation  may  be  seen  in  the  following  crosses:  Ohio  Leaming  X 
Selection  119  produces  less  than  either  parent,  although  both  are 
high-yielding  varieties  that  have  been  pure  bred  for  many  years; 
the  cross  of  Red  Blaze  (a  high-yielding  and  well-selected  variety)  X 
Selection  119  gives  an  increase  in  yield  of  20  per  cent  over  the  better 
parent;  the  cross  of  Cross  100,  the  lowest  yielding  variety  in  the  test, 
vnth  Selection  119  gives  an  increase  in  jaeld  of  11  per  cent  over  the 
better  parent  and  practically  equals  in  yield  that  of  Ohio  Leaming  X 
Selection  119  (ranking  eighth  in  yield  among  the  crosses);  while 
Fraley  Yellow  Dent,  the  next  lowest  yielding  variety,  crossed  with 
Selection  119  is  the  lowest  yielding  cross  in  the  test  and  is  exceeded 
by  all  the  varieties  except  Cross  100  and  Fraley  Yellow  Dent. 
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These  results  show  that  some  varieties  combine  or  "nick"  well' 
when  crossed,  forming  crosses  that  arc  superior  in  yielding  power  to 
either  parent,  while  other  varieties  do  not  combine  well  and  the 
crosses  are  either  less  productive  than  the  better  parent  or  inferior 
to  both  parents.  The  factors  that  determine  what  the  productive- 
ness of  the  cross  will  be  are  not  known,  and  apparently  no  external 
characters  are  discernible  by  which  we  can  judge  of  their  presence 
or  absence.  It  is  important,  therefore,  that  crosses  of  varieties  should 
be  tried  experimentally  to  ascertain  their  productiveness  before 
growing  them  commercially  or  before  making  a  general  agricultural 
application  of  tliis  method  of  corn  breeding. 

It  is  worthy  of  note  that  the  crosses  which  produced  best  under  the 
somewhat  adveree  conditions  at  Chico  are  not  from  the  same  combi- 
nations as  those  which  produced  best  under  conditions  of  normal 
rainfall  in  Marvland. 

Table  VII  shows  a  comparison  between  an  acchmated,  well-adapted 
variety,  the  crosses  of  this  with  two  varieties  of  later  introduction, 
and  these  two  varieties  themselves. 

In  each  of  tliese  comparisons  the  cross  is  intermediate  in  yield  per 
stalk  between  the  two  varieties  crossed.  In  other  words,  nothing 
was  gained  in  yield  by  crossing  an  adapted,  well-acclimated  variety 
with  a  variety  of  later  introduction,  even  though  this  variety  is  also  a 
good  yielder. 

TESTS  IN  TEXAS. 

WORK   OF    1909. 

Seed  of  a  number  of  pure-bred  varieties  of  corn  was  obtained  early 
in  1909  for  use  in  crossbreeding  experiments  in  Texas  A  list  of 
these  varieties  and  a  brief  description  is  given  in  Table  VIII.  The 
varieties  were  planted  at  Waco,  Tex.,  early  in  March,  1909,  one  row 
of  each  of  the  other  varieties  alternating  with  two  rows  of  Chisholm 
(the  variety  chosen  to  be  the  male  parent).  Tassels  were  removed 
from  the  stalks  of  all  varieties  except  the  Chisholm  before  any  pollen 
had  been  shed.  The  crosses  made  in  this  manner,  each  lmA"ing  the 
same  male  parent  but  a  different  female  parent,  were  planted  in  1910 
at  Sherman,  at  Waco,  and  at  Corsicana. 
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32  CKOSSBEEEDING   COEN. 

WORK   OF   1910. 
TEST   AT   SHERMAN,    TEX. 

The  test  at  Sherman  was  located  upon  fertile  black  upland  of 
uniform  appearance.  All  the  land  used  had  been  cropped  the  same 
the  previous  year,  had  been  broken  deep,  and  was  in  good  condition 
when  the  corn  was  planted. 

The  planting  was  made  in  hills  3^  feet  apart  each  way;  the  crop 
was  cultivated  frequently,  and  the  ground  kept  free  of  grass  and 
weeds.  The  season  at  Sherman  was  extremely  dry  and  the  yields 
were  very  light. 

The  order  in  which  the  varieties  and  crosses  were  planted  and  their 
field-row  numbers  are  shown  in  Table  IX.  Because  of  lack  of  uni- 
formity in  number  of  stalks  per  row  of  the  different  varieties,  the 
comparisons  have  been  made  on  the  basis  of  production  per  stalk 
rather  than  on  row  yields.     This  method  is  followed  in  all  cases. 

The  comparison  is  made  between  the  yield  of  the  cross  and  the 
higher  yielding  of  the  two  parents.  For  practical  purposes  the  cross 
can  not  be  regarded  as  an  improvement  upon  existing  conditions  or 
as  worthy  of  propagation  unless  it  is  superior  to  the  better  parent. 
Where  the  comparison  is  between  the  cross  and  male  parent  the 
average  of  the  two  rows  of  the  male  parent  nearest  the  cross  has  been 
used.  This  was  also  done  in  the  test  at  Waco  and  Corsicana.  The 
seed  of  the  female  parents  used  in  the  experiment  is  in  every  case 
taken  from  the  1908  crop,  that  is,  from  the  same  lot  of  seed  that  was 
used  for  the  beginning  of  the  experiment  in  1909.  The  seed  of  the 
crosses  is  from  the  1909  crop.  The  seed  of  Chisholm  (the  male 
parent)  is  in  part  from  the  1908  crop,  but  mostly  from  the  1909  crop, 
entirely  so  at  Sherman  and  Corsicana,  and  also  in  the  greater  part  of 
the  Waco  test. 

When  the  crop  was  harvested,  determinations  showed  the  per- 
centage of  moisture  to  be  approximately  the  same  for  the  different 
varieties.  Taking  into  consideration  the  unavoidable  percentage  of 
error,  it  was  believed  that  notliing  would  be  gained  by  calculating 
the  yields  to  a  water-free  basis.  In  computing  the  production  per 
stalk  only  the  main  stalks  were  considered,  as  the  suckers  were  not 
productive  at  any  of  the  three  places. 
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Table  IX. — Comparative  productiveness  of  parent  varieties  of  corn  and  first-generation 

crosses  at  Sherman,  Tex.,  in  1910. 

[Area  of  each  row  one-seventieth  of  an  acre.] 


Row 

No. 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 


Variety  and  cross. 


Chisholm 

Uuffinan  X  Chisholm 

Huffman 

Chisholm 

Schiebcrle  X  Chisholm 

Schieberlc 

Chisholm 

Munson  X  Chisholm 

Munson 

Chisholm 

Gourd  Seed  X  Chisholm 

Gourd  Seed 

Chisholm 

Lily  of  the  Valley  X  Chisholm. 

Lily  of  the  Valley 

Chisholm 

Blow  X  Chisholm 

Blow 

Chisholm 

Selection  130  X  Chisholm 

Selection  136 

Chisholm 

Surcropper  X  Chisholm 

Surcropper 

Chisholm 

Dan  Patch  X  Chisholm 

Dan  Patch 

Chisholm 

Selection  137  X  Chisholm 

Selection  137 

Chisholm 

Mosby  Prolific  X  Chisholm 

Mosby  Prolific 

Chisholm 

Gorham  Yellow  X  Chisholm . . 

Gorham  Yellow 

Chisholm 

Ferguson  Yellow  X  Chisholm . 

Ferguson  Yellow 

Chisholm 

McCullouph  X  Chisholm 

McCuUough 

Chisholm 

Singleton  X  Chisholm 

Singleton 


Main 

stalks 

per 

row. 


76 

101 

106 

81 

107 

101 

84 

100 

97 

79 

96 

98 

89 

100 

95 

78 

101 

101 

84 

100 

101 

81 

106 

100 

94 

93 

94 

89 

102 

92 

81 

103 

92 

101 

103 

96 

101 

101 

98 

95 

98 

100 

100 

96 

98 


Suck- 
ers per 
row. 


3 

17 

39 

4 

7 

5 

6 

19 

21 

1 

13 

4 

0 

7 

6 

2 

27 

11 

3 

9 

13 

8 

3 

6 

8 

8 

5 

7 

22 

6 

8 

15 

35 

10 

17 

13 

14 

10 

13 

6 

3 

10 

10 

12 

0 


Yield  of  ears  (husked). 


Per 
row. 


Pounds. 

9i 

9 

3 

10 

91 

Hi 

111 

12 

9 

13 

17 

14 

12^ 

18i 

16i 

12§ 

141 

9 

154 
19i 
16 
lOi 
23i 
231 
12 
23 
20i 
12 
17i 
1G| 
14 
12 
8 
18 
Hi 
Hi 
13 
12i 
13i 
15i 
15' 
13 
15 
111 
11 


Per 

stalk. 


Poundn. 
0.125 
.089 
.029 
.123 
.089 
.114 
.140 
.120 
.093 
.105 
.177 
.143 
.140 
.182 
.174 
.160 
.144 
.089 
.184 
.195 
.158 
.130 
.219 
.238 
.128 
.247 
.218 
.135 
.172 
.182 
.173 
.117 
.087 
.178 
.141 
.120 
.129 
.124 
.138 
.103 
.153 
.130 
.150 
.122 
.112 


In- 
crease 
over 

better 
.parent. 


Per  ct. 


-28 


-32 


-21 


16 


-17 


23 


Number  of  ears. 


Good. 


13 


-  6 


-33 


-15 


-22 


Poor. 


37 
40 
16 
39 
41 
49 
44 
49 
43 
45 
68 
57 
39 
57 
56 
43 
61 
49 
57 
66 
72 
48 
79 
80 
47 
83 
74 
45 
71 
62 
51 
58 
61 
62 
53 
56 
53 
69 
65 
68 
56 
63 
70 
59 
52 


In  11  out  of  15  comparisons  the  cross  ranges  from  2  to  33  per  cent 
lower  in  yield  than  the  better  parent;  in  the  remaining  four  com- 
parisons the  cross  oiityields  the  better  parent  by  5  to  23  per  cent. 

TEST  AT   WACO,    TEX. 

At  Waco  the  test  was  located  on  deep  Brazos  Valley  sand  and 
the  corn  was  drilled  in  rows  3  J  feet  apart.  A  late  frost  Idlled  some 
of  the  plants  and  so  interfered  to  some  extent  with  the  uniformity 
of  the  stand.  For  this  reason  the  comparisons  of  yields,  as  in  the 
test  at  Sherman,  have  been  made  on  the  basis  of  i)roduction  per 
stalk.  The  stands  of  three  of  the  crosses  were  so  uneven  and  irregular 
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that  the  comparisons  could  not  be  regarded  as  of  value,  and  accord- 
ingly have  not  been  considered  in  the  results.  The  order  of  planting 
the  varieties  and  crosses  and  their  field-row  numbers  are  shown  in 
Table  X. 

Table  X. — Comparative  productiveness  of  parent  varieties  of  corn  and  first-generation 

crosses  at  Waco,  Tex.,  in  1910. 

[Area  of  each  row  one-seventieth  of  an  acre.] 


Row 

No. 


Variety  and  cross. 


Main 

Suck- 

stalks 

ers 

per 

per 

row. 

row. 

46 

0 

54 

0 

38 

0 

37 

0 

53 

0 

37 

0 

53 

0 

49 

0 

48 

0 

54 

0 

60 

0 

50 

0 

65 

0 

51 

0 

34 

0 

40 

0 

55 

0 

55 

0 

65 

0 

75 

0 

38 

0 

51 

0 

46 

0 

35 

0 

51 

0 

63 

0 

48 

0 

66 

2 

68 

0 

35 

0 

45 

0 

52 

0 

49 

0 

44 

3 

53 

5 

41 

0 

Yield  of  ears  (husked). 


Per 
row. 


Per 
stalk. 


In- 
crease 
over 
better 
parent. 


Number  of  ears. 


Good.  I   Poor. 


4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
26 
27 
28 
29 
30 
31 
32 
33 
34 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


Chisholm 

SchieberieXChisholm 

Sehieberle 

Chisholm 

Singleton  X  Chisholm 

Singleton 

Chisholm 

McCuUoughX  Chisholm 

McCullough 

Chisholm 

Ferguson  YellowxChisholm 

Ferguson  Yellow 

Chisholm 

Gorham  YellowxChisholm. 

Gorham  Yellow 

Selection  137 

Selection  137XChisholm 

Chisholm 

Selection  136 

Selection  136XChisholm 

Chisholm 

Surcropper 

Surcropperx  Chisholm 

Chisholm 

Blow 

BlowxChisholm 

Chisholm 

Gourd  Seed 

Gourd  Seed  X  Chisholm 

Chisholm 

Munson 

Munson  XChisholm 

Chisholm 

Mosby  Prolific 

Mosby  ProliflcXChisholm... 
Chisholm 


Pounds. 
19 
30^ 
20 
14 
26i 
18 
20 
24 
15 
20i 
32 
22 
29 
26 
12 
12 
20 
24 
34 
43 
17 
21 
20 
14 
19 
28J 
22 

m 

42J 

14 

25 

30 

23 

16 

23 

20 


Pounds. 
0.413 
.565 
.526 
.378 
.500 
.486 
.377 
.490 
.312 
.380 
.533 
.440 
.446 
.510 
.353 
.300 
.364 
.430 
.523 
.573 
.447 
.412 
.435 
.400 
.373 
.452 
.458 
.583 
.625 
.400 
.556 
.577 
.469 
.364 
.434 
.488 


Per  ct. 


\ 


29 


21 


23 


-18 


10 


-  9 


19 
31 
20 
11 
34 
14 
20 
30 
13 
19 
38 
15 
23 
21 
10 
4 
21 
30 
38 
45 
12 
20 
23 
14 
15 
25 
22 
40 
56 
10 
26 
30 
22 
24 
42 
16 


21 
24 
14 
26 
16 
22 
27 
20 
30 
30 
23 
34 
38 
32 
19 
30 
32 
20 
30 
30 
27 
33 
23 
18 
34 
41 
26 
25 
15 
23 
21 
25 
24 
24 
13 
32 


In  10  of  the  12  comparisons  the  cross  out34elds  the  better  parent, 
the  increase  ranging  from  3  to  20  per  cent;  in  the  remaining  2  com- 
parisons the  cross  yields  1 8  and  9  per  cent  less  than  the  better  parent. 


TEST  AT  CORSICANA,    TEX. 

At  Corsicana  tlie  test  was  located  on  sandv  loam  of  medium  fer- 
tility.  The  corn  was  planted  in  hills  3^  feet  apart  each  way,  culti- 
vated well,  and  kept  free  of  grass  and  weeds.  The  planting  was 
made  in  a  difTerent  manner  from  that  at  Sherman  and  at  Waco,  a 
smaller  number  of  rows  of  Chisholm  were  planted  and  these  were 
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arranged  so  that  two  of  the  crosses  were  planted  adjacent  to  tlie  same 
row  of  Chishohn.  One  of  the  crosses  (SchieberleXChishoJm)  was 
cut  by  mistake  when  green  and  fed  to  stock.  Tlie  order  of  phmting 
the  varieties  and  crosses,  and  tlieir  fiehl-row  numbers,  together  with 
the  results  of  the  test,  are  shown  in  Table  XI. 

Table  XI. — Comparative  productiveness  of  parent  varieties  of  corn  and  first-generation 

crosses  at  Corsicana,  Tex.,  in  1910. 

[Area  of  each  row  one  eighty-sixth  of  an  acre.] 


Row 
No. 


7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
46 
47 
48 


Variety  and  cross. 


Singleton 

Singleton  X  Chisholm 

Chisholm 

McCulloughX  Chisholm 

McCullough 

Ferguson  Yellow 

Ferguson  Yellow X Chisholm. 

Chisholm 

Gorham  Yellow X Chisholm. . 

Gorham  Yellow 

Selection  136 

Selection  136  X  Chisholm 

Chisholm 

SurcropperXChisholm 

Surcropper 

Dan  Patch 

Dan  Patchx  Chisholm 

Chisholm 

BlowXChisholm 

Blow 

Lily  of  the  Valley 

Lily  of  the  Valley  X Chisholm 

Chisholm 

Gourd  Seed  X  Chisholm 

Gourd  Seed 

Munson 

MunsonX  Chisholm 

Chisholm 

Mosby  Prolific  X  Chisholm 

Mosby  Prolific 

Selection  137 

Selection  137XChisholm 

Chisholm 

Chisholm 

Huffman  X  Chisholm 

Huffman 


Main 

stalks 

per 

row. 


74 
76 
70 
78 
75 
83 
83 
84 
77 
69 
83 
80 
65 
87 
79 
78 
84 
85 
95 
77 
75 
74 
67 
78 
76 
77 
84 
76 
85 
81 
68 
77 
75 
77 
79 
77 


Suck- 
ers 
per 

row. 


6 
2 
4 
0 
2 
0 
0 
4 
0 
0 
0 
5 
0 
3 
0 
2 

12 
3 
5 
3 
2 
0 
5 
7 
0 
3 
4 
0 
8 

11 
0 
0 
3 
4 
8 
0 


Yield  of  ears  (husked). 


Per 
row. 


Pounds. 

23^ 

24J 

20i 

27' 

23* 

34| 

32 

26J 

30J 

22 

35 

35 

22 

35J 

33 

34 

39 

30 

34J 

25 

30i 

m 

26 

34* 

3l| 

25J 

30^ 

27 

34 

27i 

25 

28i 

30 

23 

21* 

18' 


Per 
stalk. 


Pounds. 
0.317 
.322 
.293 
.346 
.313 
.416 
.386 
.315 
.396 
.319 
.  422 
!437 
.338 
.408 
.418 
.436 
.464 
.353 
.303 
..325 
.407 
.534 
.388 
.442 
.414 
.331 
.303 
.355 
.400 
.340 
.368 
.370 
.400 
.299 
.272 
.234 


In- 
crease 
over 

better 
parent. 


Number  of  ears. 


Per  ct. 


2 

ii' 


-  7 

'2i' 


Good. 


31 


-  2 
-14 


24 
27 
28 
32 
30 
40 
40 
30 
40 
20 
48 
40 
23 
40 
36 
44 
38 
35 
36 
26 
26 
51 
28 
40 
28 
28 
32 
35 
52 
52 
30 
32 
28 
24 
24 
16 


Poor. 


32 
37 
28 
30 
33 
35 
30 
33 
31 
40 
28 
36 
30 
40 
43 
28 
47 
38 
48 
40 
34 
26 
30 
36 
41 
40 
43 
30 
27 
30 
28 
36 
34 
44 
44 
36 


The  cross  outyields  the  better  parent  in  8  comparisons  out  of  the  14, 
the  increase  ranging  from  2  to  31  per  cent;  in  the  remaining  6  com- 
parisons the  better  parent  outyields  the  cross  by  1  to  9  per  cent. 


THE    THREE    TEXAS   TESTS    CONSIDERED    COLLECTIVELY. 

In  considermg  the  three  tests  collectively  the  relatively  higher 
production  of  the  Chisholm  variety  (male  parent)  at  Shei-man  than  at 
Waco  and  Corsicana  is  apparent.  At  Sherman  it  outyitdds  the  cross 
in  9  and  the  female  parent  in  10  out  of  15  comparisons.     At  Waco  it 

218 


36  CROSSBREEDING   CORN. 

outyields  the  cross  in  but  2  and  the  female  in  5  out  of  12  comparisons. 
At  Corsicana  it  outyields  the  cross  m  4  and  the  female  parent  in  5  out 
of  14  comparisons.  The  results  at  Waco  and  Corsicana  are  prac- 
tically a  reversal  of  the  results  with  Chisholm  at  Sherman. 

The  5  varieties  that  outyield  Chisholm  at  Sherman  are  Surcropper, 
Dan  Patch,  Selection  137,  Lily  of  the  Valley,  and  Ferguson  Yellow 
Dent.  The  first  three  varieties  are  earlier  maturing  than  Chishohii; 
their  increase  in  yield  over  Chisholm  is  considerably  greater  than  the 
increase  of  Lily  of  the  Valley  and  Ferguson  Yellow  Dent  over  Chis- 
hohn.  Tliis  would  indicate  that  the  superiority  of  the  first  three 
varieties  has  been  due  cliiefly  to  their  earliness,  wliich  made  them 
particularly  suited  to  the  drought  conditions  that  prevailed  at 
Sherman  in  1910.  From  previous  experience  there  is  reason  to 
believe  that  durmg  a  normal  season  Chisholm  would  be  considerably 
more  productive  than  an}^  of  these  three  varieties.  The  fourth 
variety  (Lily  of  the  Valley)  is  another  strain  of  the  same  variety  as 
Chisholm,  its  increase  over  Cliisholm  is  not  especially  significant, 
although  perhaps  indicating  a  slight  superiority,  as  Lily  of  the  Valley 
outyielded  Chisholm  also  at  Corsicana.  The  increase  of  Ferguson 
Yellow  over  Chisholm  is  slight,  and  can  not  be  regarded  as  indicating 
very  much,  if  any,  superiority.  Taking  into  consideration  the  aver- 
age behavior  of  Chisholm  in  all  the  rows  m  which  it  was  planted,  it 
perhaps  should  be  considered  as  superior  to  any  of  the  varieties  for 
practical  growing  at  Sherman. 

The  relativel}^  greater  productiveness  of  Chisholm  in  the  Sherman 
test  than  at  Waco  and  at  Corsicana  is  due  probably  to  the  fact  that 
Chisholm  is  a  northern  Texas  variety,  and  the  particular  strain  used 
in  these  experunents  has  been  grown  for  many  years  on  fertile  black 
lands  near  Sherman.  This  doubtless  has  caused  the  variety  to  be 
better  adapted  to  its  en\aronment  at  Sherman  than  it  was  at  Waco 
or  at  Corsicana.  Its  yields  also  indicate  that  it  was  better  adapted 
to  the  Sherman  environment  than  were  the  other  varieties  in  the 
test.  The  higher  yields  of  the  three  early  maturing  varieties  does  not 
seem  to  have  been  due  to  better  adaptation,  but  rather  that  the 
abnormal  conditions  of  the  season  were  less  disastrous  to  them  than 
to  the  later  maturing  varieties.  The  increase  of  Ferguson  Yellow 
Dent,  itself  a  northern  Texas  variety,  is  so  slight  that  no  generalization 
is  warranted  that  it  is  better  adapted  to  the  Sherman  environment 
than  is  Chisholm. 

Of  the  varieties  used  as  female  parents  none  has  been  bred  for  any 
length  of  time  for  the  conditions  encountered  at  any  of  the  three 
places.  At  Sherman  the  conditions  were  very  adverse  and  the  yields 
very  poor.  At  Waco,  in  the  Brazos  Valley,  conditions  were  more 
favorable.     The  soil  retained  the  moisture  better  than  the  soil  at 
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Sherman  and  more  moisture  was  available  for  the  growing  crop; 
higher  yields  were  made,  but  Chisholm  seems  to  be  less  suited  to  the 
conditions  than  most  of  the  other  varieties.  The  female  parents 
made  an  increase  of  223  per  cent  in  average  production  per  stalk  over 
their  average  production  per  stalk  at  Sherman;  the  same  increase  for 
Chisholm  is  186  per  cent.  The  results  at  Corsicana  were  similar  and 
as  pronounced,  although  actual  yields  were  lower  than  at  Waco. 

As  has  been  stated,  Chisholm  at  Sherman,  to  which  conditions  it 
has  been  thoroughly  adapted,  outyielded  the  cross  in  9  out  of  15 
comparisons.  At  Waco,  planted  in  the  deep,  sandy  soil  of  the  Brazos 
Valley,  conditions  to  which  the  variety  is  apparently  not  adapted,  it 
is  outyielded  by  the  cross  in  10  out  of  12  comparisons.  At  Corsicana, 
under  conditions  to  which  it  was  apparently  also  not  adapted,  it  is 
outyielded  by  the  cross  in  10  out  of  14  comparisons. 

In  the  Waco  and  Corsicana  tests  the  crosses  in  the  majority  of 
comparisons  outyielded  the  parent  varieties.  None  of  the  varieties 
used  in  the  tests  had  been  bred  for  any  length  of  time  for  the  environ- 
mental conditions  encountered  at  either  place.  At  Sherman  the 
Chisholm  variety,  wdiich  has  been  grown  for  many  years  in  that 
locality,  outyielded  the  crosses  in  most  of  the  comparisons.  This 
would  indicate  that  in  general  a  variety  well  adapted  to  its  environ- 
ment is  not  improved  nor  its  productiveness  increased  by  crossing 
with  other  varieties  possibly  less  adapted  to  the  environment.  Wliat 
results  would  be  obtained  by  crossing  varieties  that  have  been  bred 
in  the  same  locality  and  under  the  same  conditions  for  a  long  period 
will  have  to  be  determined  by  further  experimental  work.  Although 
m  this  connection  attention  should  be  called  to  the  fact  that  crosses 
with  such  varieties  as  McCullough,  Ferguson  Yellow,  and  Singleton 
(all  established  northern  Texas  varieties  that  have  been  bred 
under  very  smiilar  conditions  to  Chisholm)  are  less  productive  than 
Chisholm. 

THE    PRODUCTIVITY   OF  THE   PARENT   VARIETIES    AND   ITS    INFLUENCE     UPON    THE 

PRODUCTIVITY   OF   THE    CROSSES. 

In  Table  XII  an  attempt  has  been  made  to  trace  as  far  as  the  fifth 
or  sixth  rank  in  yield  the  factors  showing  to  what  extent  the  highest 
yielding  crosses  are  progeny  of  the  highest  yielding  varieties ;  also  to 
what  extent  the  highest  yieldmg  crosses  may  be  identical  with  the 
crosses  showing  highest  percentage  of  gain  over  better  parent. 

Table  XIII  is  a  similar  enumeration  of  the  poorest  yielding  varie- 
ties, poorest  yielding  crosses,  and  crosses  showmg  the  greatest  per- 
centage of  decrease  as  compared  with  the  better  parent. 

In  the  Sherman  test  the  six  highest  yieldmg  crosses  are  identical 
with  the  crosses  of  the  six  highest  yielding  female  parents,  but  they 
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do  not  rank  in  exactly  the  same  order  as  the  parent  varieties.  The 
crosses  shoAnng  the  greatest  percentage  of  increase  over  the  better 
parent  are  identical  with  four  of  the  highest  yielding  crosses.  In  the 
list  of  poorest  yielding  crosses  four  are  identical  with  four  of  the 
crosses  of  the  poorest  jaelding  female  parents  with  Chisholm.  The 
crosses  showing  the  greatest  percentage  of  decrease  as  compared  with 
the  better  parent  are  the  same  as  the  poorest  yielding  crosses  and, 
with  one  exception,  are  progeny  of  the  poorest  yielding  female  parents. 
In  the  Waco  test  four  of  the  highest  jdelding  crosses  are  identical 
with  four  of  the  crosses  of  the  highest  yielding  female  parents.  Of 
the  crosses  listed  as  showing  the  greatest  percentage  of  increase  over 
the  better  parent  four  are  identical  with  four  of  the  highest  yielding 
crosses,  three  are  progeny  of  three  of  the  highest  yielding  female 
parents,  and  two  are  progeny  of  two  of  the  poorest  yielding  female 
parents.  Four  of  the  poorest  3delding  crosses  are  progeny  of  four  of 
the  poorest  yielding  female  parents.  The  two  crosses  that  are  less 
productive  than  the  better  parent  are  both  progeny  of  low-yielding 
female  parents. 
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In  the  Corsicana  test  four  of  the  hi<!;hest  yielding  crosses  are  pro- 
geny of  four  of  the  highest  yielding  female  parents.  Among  the 
crosses  showing  the  greatest  percwitago  increase  over  the  better 
parent  three  are  identical  with  tlu'ee  of  the  highest  yielding  crosses, 
two  are  progeny  of  the  high-yielding  female  parents,  and  two  are 
progeny  of  the  poor-yielding  female  parents.  Of  the  poorest  yield- 
ing crosses,  four  are  progeny  of  four  of  the  poorest  yielding  female 
parents.  Out  of  the  crosses  showing  the  greatest  percentage  of 
decrease  from  the  better  parent,  one  is  the  progeny  of  the  poorest 
yielding  female  parent,  and  two  are  the  progeny  of  two  of  the  liigh- 
est  yiekUng  female  parents.  Two  are  identical  with  two  of  the 
poorest  yielding  crosses. 

It  is  evident  in  these  tests  that  in  general  the  most  productive 
crosses  have  come  from  the  most  productive  female  parents;  that 
the  crosses  showing  the  greatest  percentage  of  increase  over  the 
better  parents  are  in  most  instances  identical  with  the  highest  yield- 
ing crosses.  Likewise,  in  most  cases,  the  poorest  yielding  crosses 
are  from  the  poorest  yielding  female  parents,  as  are  also  most  of  the 
crosses  that  show  the  greatest  percentage  of  decrease  in  yield.  There 
is  no  instance  in  which  one  of  the  highest  yielding  crosses  springs 
from  one  of  the  poorest  yielding  female  parents. 

There  are,  however,  both  in  the  test  at  Waco  and  at  Corsicana, 
two  crosses  (Gorham  Yellow  X  Chisholm  and  McCuUough  X  Chisholm) 
which  stand  liigh  in  the  list  of  crosses  showing  greatest  percentage 
increase  over  the  better  parent;  they  rank  among  the  crosses  in 
actual  production  per  stalk  sixth  and  eighth,  respectively,  at  Waco, 
while  at  Corsicana  the  rank  is  seventh  and  eleventh.  The  female 
parents  of  these  crosses  are  among  the  poorest  yielding  varieties  at 
both  places.  These  two  comparisons  are  the  most  striking  among 
the  crosses  in  regard  to  increase  over  the  parent  varieties,  but  their 
■  actual  yield  is  less  than  the  best  producing  original  varieties  in  the 
test,  and  there  would  be  no  incentive  to  grow  them  commercially. 

These  results  would  indicate  the  most  promising  method  of  secur- 
ing increased  yields  to  be  by  crossing  the  liighest  yielding  varieties, 
but  such  a  method  would  necessitate  the  previous  testing  of  the 
varieties  to  ascertain  the  highest  yielding,  and  the  crosses  could  not 
then  with  certainty  be  depended  upon  to  give  increased  yields,  as  is 
seen  in  the  case  of  the  cross  Surcropper  X  Chisholm,  wliich  is  less 
productive  than  Surcropper  at  both  Sherman  and  Corsicana  and  but 
httle  more  productive  at  Waco.  Selection  137  X  Cliisholm  is  less 
productive  than  Selection  137  (the  better  parent)  at  Sherman,  and 
less  than  Cliisholm  (the  better  parent)  at  Waco  and  at  Corsicana.  The 
crosses  Gourd  Seed  X  Chisholm  and  Selection  136  X  Cliisholm  w^ere 
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among  the  highest  yielding  in  the  three  tests,  the  Dan  Patch  X  Chis- 
hohn  was  not  in  the  test  at  Waco,  but  at  Sherman  and  at  Corsicana 
it  ranks  among  the  highest  }delders.  These  crosses  also  ranked  weU 
as  regards  percentage  of  increased  yield  over  better  parent. 

Apparently,  then,  there  are  some  varieties  that  combine  well  and 
their  crosses  mil  give  decidedly  increased  yields;  while  the  crosses 
of  other  varieties  either  show  no  improvement  in  yield,  or  an  actual 
decrease.  As  no  method  is  known  of  selecting  the  varieties  the 
crosses  of  which  can  be  depended  upon  to  give  increased  jdelds,  the 
importance  of  testing  experimentally  all  crosses  before  growing 
them  commercially  may  be  readily  appreciated  by  the  farmer  or  corn 
grower  who  has  in  mind  the  betterment  of  his  general  crop  by  such 
methods  of  breeding. 

TESTS  AT  STATESBORO,  GA. 

VARIETIES    USED    IN    THE    EXPERIMENTS. 

ALDRICH   PERFECTION. 

Aldrich  Perfection  was  obtained  from  a  field  near  Barnwell,  S.  C. 
This  variety  is  not  very  uniform  in  t^'pe,  but  has  a  large,  deep,  char- 
acteristic kernel.  The  kernel  is  very  irregular  in  shape  and  gives 
the  ear  a  very  rough  appearance.  The  variety  is  grown  near  Barn- 
well on  very  sandy  land.  As  grown  at  Statesboro,  it  seemed  poorly 
adapted  the  first  year  and  the  market  quaUty  was  poor.  During 
the  second  year  it  seemed  better  adapted  and  the  market  quaUty  was 
fair. 

COCKE    PROLiriC. 

Cocke  Prolific  for  this  work  was  obtained  from  the  North  CaroUna 
experiment  station.  The  type  showed  much  variation,  but  the  vari- 
ety has  a  characteristic  appearance.  As  grown  at  Statesboro,  the 
ears  were  fairly  sound,  but  were  seriously  damaged  by  weevils.     The 

adaptability  was  about  the  same  both  years. 

I 

MARLBORO    PROLIFIC. 

Marlboro  Prolific  was  selected  from  a  farm  near  Cheraw,  S.  C, 
where  it  has  been  grown  for  many  years.  The  type  of  ear  is  not 
very  uniform,  but  it  has  a  characteristic  appearance.  The  native 
soil  of  this  variety  is  sandy,  wdth  sandy  clay  subsoil.  As  gi'own  at 
Statesboro,  Marlboro  Prohfic  seemed  to  produce  fairly  well  both 
years.  The  grain  was  seriously  damaged  by  weevils,  otherwise  it 
was  in  good  condition. 
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MOSBY  PROLIFIC. 


As  grown  at  Montgomery,  Ala.,  Mosby  Prolific  shows  close  selec- 
tion and  distinct  type.  The  land  upon  which  the  corn  was  grown 
is  low  and  flat.  The  soil  is  dark  and  is  classed  as  limestone.  As 
grown  at  Statesboro,  the  ears  were  fairly  sound  and  seemed  fairly 
well  adapted  during  both  seasons.  It  was  seriously  injured  by 
weevils  before  harvesting. 


NATIVE    OP   STATESBORO. 


The  variation  in  color  indicates  that  the  Native  of  Statesboro 
variety  of  corn  is  badly  mixed,  but  the  comparatively  straight  rows 
of  well-formed,  deep  kernels  and  the  shape  of  the  ear  show  that  it 
has  had  selection  along  certain  lines.  It  has  been  grown  on  a  farm 
near  the  one  on  wliich  tliis  test  was  made  for  18  or  20  years,  without 
the  introduction  of  other  seed,  so  far  as  is  known.  As  grown  in  the 
test,  the  ears  were  fairly  sound  during  both  seasons.  Weevils  were 
found  within  practically  all  of  the  shucks,  but  only  a  small  amount 
of  damage  had  been  done  bv  the  time  the  corn  was  harvested  the 
first  year  and  none  the  second  year. 


RODQERS   WHITE    DENT. 


Rodgers  Wliite  Dent  was  selected  from  a  field  near  Darlington, 
S.  C.  The  type  of  the  ears  and  uniformity  of  the  corn  is  probably 
more  perfect  than  any  other  in  the  test.  It  has  been  the  selection 
of  one  man  for  years.  The  land  on  which  the  corn  has  been  grown 
is  sandy,  with  sandy  clay  subsoil.  As  grown  at  Statesboro,  the 
market  quahty  was  very  good  and  during  both  seasons  it  seemed 
fairly  well  adapted. 

SANDERS   PROLIFIC. 

As  grown  and  developed  at  Danielsville,  Ga.,  Sanders  Prolific  shows 
considerable  selection  and  has  a  characteristic  type.  The  seed  used 
in  these  experiments  was  field  selected.  The  field  is  upland  and  con- 
sists of  a  very  poor  red  clay.  Suitable  seed  could  be  found  only 
where  sediment  had  accumulated  above  the  terraces.  As  grown  at 
Statesboro,  Ga.,  the  ears  tended  to  be  chaffy  and  were  badly  damaged 
by  weevils  before  harvesting.  It  was  poorly  adapted  to  Statesboro 
conditions  in  1909,  but  one  of  the  best,  except  for  weevils,  in  1910. 

STATION   YELLOW. 

The  Station  Yellow  variety  of  corn  was  obtained  from  the  Ala- 
bama experiment  station,  and  was  especially  recommended  for 
resisting  weevils.  No  selection  was  claimed  for  this  corn,  but  it  is 
known  that  it  is  a  native  of  long  standing  at  Auburn,  Ala.     It  is 
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flint}'^  and  has  a  fairly  uniform  golden  color.  It  has  been  grown 
largely  upon  poor  upland  clay.  As  grown  at  Statesboro,  its  market 
quality  was  fully  the  equal  of  any  grown  in  the  experiment.  Weevils 
were  found  in  practically  all  of  the  shucks,  but  little  damage  had 
been  done  at  time  of  harvesting. 

TINDAL. 

The  Tindal  corn  is  a  mixture  of  Marlboro  Prolific  with  a  native 
corn  near  Manning,  S.  C,  where  the  variety  is  being  grown.  This 
seed  was  selected  from  the  gi'ower's  field  three  or  four  years  after 
the  mixture  had  first  been  made.  The  type  is  mostly  that  of  Marl- 
boro Prohfic,  though  there  is  considerable  variation.  In  the  Orange 
Judd  Farmer's  national  corn  test  in  1906  this  corn  took  first  prize, 
with  182  bushels  per  acre.  The  soil  on  which  this  corn  was  grown 
is  sandy,  with  sandy  clay  subsoil  near  surface.  As  grown  at  States- 
boro, it  performed  much  the  same  as  Marlboro  ProUfic. 

WHELCHEL. 

The  Whelchel  variety  of  corn  was  bred  and  developed  at  Gaines- 
ville, Ga.,  and  is  the  result  of  crossing  at  least  three  varieties,  one  of 
which  was  Boone  County  Wliite.  The  original  ears  used  in  tliis  test 
were  unusually  large.  The  bushel  from  wliich  the  10  ears  were 
taken  contained  only  64  ears.  Much  variation  is  stiU  seen  in  the 
type.  The  corn  was  developed  on  rich  red-clay  land.  Tliis  variety 
proved  poorly  adapted  to  Statesboro  conditions.  Many  ears  devel- 
oped poorly  and  many  of  those  that  did  develop  rotted  in  the  husk. 
The  market  quality  was  unusually  bad,  and  it  was  extremely  diffi- 
cult to  obtain  sufficiently  strong  germinating  seed  for  the  second 
year's  work.  The  apparently  high  yield  in  1910  was  due  at  least  to 
some  extent  to  the  moisture  contained  in  the  ears  at  harvest  time. 
The  qualit}^  of  the  (^orn  was  very  poor. 

WILLIAMSON. 

The  Wilhamson  corn  has  been  grown  and  selected  near  Darlington, 
S.  C,  for  a  good  many  years,  and  the  type  of  ear,  the  kernels,  and 
their  rows  are  unusually  uniform.  The  color,  however,  is  not  fixed  and 
varies  from  nearly  white  to  nearly  yellow.  In  general  the  kernels 
are  wliite  or  cream  capped,  shading  into  a  yellow  toward  the  cob. 
The  cobs  are  mostly  red,  but  there  are  some  white  ones.  The  vari- 
ety has  been  developed  on  sandy  soil  with  a  sandy,  clay  subsoil,  which 
at  present  is  quite  fertile.  As  grown  at  Statesboro  the  ears  showed 
a  slight  tendency  to  spoil  in  the  field,  but  its  adaptation  seemed  to 
be  nearly  as  good  as  the  native  seed,  and  it  had  not  been  greatly 
damaged  by  weevils  when  harvested. 
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WORK  OF   1909. 

Eleven  varieties  of  corn  represented  by  10  ears  of  each  were  used. 

The  seed  of  the  ears  was  not  mixed,  but  planted  in  adjacent  rows. 
The  corn  was  dropped  in  hills,  and  two  stalks,  from  6  to  8  inches 
apart,  were  left  in  a  hill. 

Each  liill  represented  two  ears.  In  all  10  rows  representing  a  vari- 
ety the  first  plant  in  each  hill  was  from  the  same  ear.  These  plants 
served  both  as  a  standard  of  comparison  and  as  a  sire  to  the  variety 
in  that  set  of  10.  The  second  plant  in  all  hills  of  any  one  row  repre- 
sented one  ear  of  a  female  parent  and  was  detasseled. 

Duplicate  plantings  were  made  from  each  of  the  ears.  In  one 
instance  the  standard  or  sire  ears  were  of  the  Marlboro  Prolific  variety, 
and  in  the  other  instance  the  standard  or  sire  ears  were  of  the  Rodgers 
Wliite  Dent  variety. 

The  standard  or  sire  ears  used  were  also  grouped  and  detasseled 
the  same  as  the  ears  of  the  other  varieties,  so  that  a  study  of  both 
the  male  and  the  female  was  afforded.  Furthermore,  by  thus  com- 
paring the  standards  of  all  the  varieties  in  the  test  the  several  varieties 
themselves  could  be  compared. 

The  arrangement  of  the  varieties  with  their  pollen-bearing  stand- 
ards is  given  in  Table  XIV.  The  two  fields  in  wliich  the  crossing 
was  accomplished  were  well  isolated. 

Table  XIV. — Arrangement  of  (he  varieties  of  corn  with  their  pollen-bearing  standards. 


Variety  receiving  pollen. 


Ear  No.  of  sire. 


Ears  Nos.— 


1  to  10 
1  to  10 
1  to  10 
1  tolO 
1  to  10 
1  to  10 
1  tolO 
ItolO 
1  to  10 
1  to  10 
1  to  10 


Name. 


Marlboro 
Prolific. 


Aldrich  Perfection . . 

Cocke  Prolific 

Marlboro  Prolific 

Mosby  Prolific 

Native  of  Statesboro . 
Rodgers  White  Dent 

Sanders  Prolific 

Station  Yellow 

Tindal 

Whelchel 

Williamson 


9 
3 
2 
3 

7 
1 
5 

10 
4 
6 


Rodgers 
White 
Dent. 


22 
24 
7 
2 
3 
20 
1 

15 

14 

4 

17 


CHARACTER    OF  THE    SOIL. 


The  crossing  was  accomplished  in  1909  at  Statesboro,  Ga.,  on 
coastal  plain  oand.  The  soil  where  the  Marlboro  Prolific  sire  was 
used  had  a  fairly  compact,  sandy,  clay  subsoil  10  to  12  inches  below 
the  surface,  and  the  land  was  fairly  fertile.  The  soil  where  the 
Rodgers  White  Dent  sire  was  used  had  less  clay  in  the  subsoil,  and 
the  land  was  naturally  less  fertile. 
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CULTURE. 

The  land  was  plowed  deep.  No  commercial  fertilizer  was  applied 
direct  to  the  corn  where  Marlboro  Prolific  was  used  as  sire,  the  land 
having  previously  been  fertilized  for  rape.  A  complete  fertilizer  at 
the  rate  of  about  800  pounds  per  acre  was  applied  to  the  land  where 
the  Rodgers  sire  was  used.  The  land  was  listed  with  a  turning  plow, 
and  the  corn  was  planted  in  the  bottom  of  the  furrows.  Eight 
square  feet  were  allowed  each  plant,  the  rows  being  4  feet  apart  each 
way.  The  cultivation  was  with  sweeps  and  harrows,  and  tlie  last 
cultivation  left  the  land  level. 

HARVEST. 

The  corn  was  harvested  when  thoroughly  dry  in  the  field.  The 
weights  were  taken  separately  of  all  ears  grown  on  the  standard  or 
sire  stalks  and  of  all  the  ears  grown  on  the  detasseled  stalks  of  a  row, 
and  the  two  weights  were  recorded  separately.  Only  normal  hills 
with  normal  surroundings  were  considered,  and  the  number  of  these 
hills  considered  was  recorded  under  the  heading  "Number  of  perfect 
hills." 

WORK  OF  1910. 

Only  a  portion  of  the  seed  from  the  original  ears  of  this  experiment 
was  planted  in  1909.  The  remnant  seed  of  each  ear  was  preserved 
in  a  separate  glass  bottle  at  Washington,  D.  C,  until  the  spring  of 
1910,  when  it  was  tested  for  germination  and  planted  in  comparison 
with  crossed  progeny  that  had  been  growing  at  Statesboro  in  1909, 
as  previously  described. 

VITALITY  OP   SEED   TESTED    BEFORE    PLANTING. 

Vitahty  tests  were  made  by  the  Seed  Laboratory  of  the  United 
States  Department  of  Agriculture  of  all  the  ears  planted  in  the  experi- 
ment. Each  ear  was  represented  in  the  germination  test  by  10  ker- 
nels from  various  parts  of  the  ear.  The  results  were  recorded  as  so 
many  kernels  germinating  strong  and  so  many  germinating  weak. 
The  pure  or  2-year-old  seed  averaged  about  90  per  cent  strong  the 
spring  of  1910,  and  was  unusually  uniform  in  this  particular,  but  the 
vitahty  of  the  crossed  seed  was  usually  low,  and  in  some  cases  it  was 
impossible  to  obtain  satisfactory  seed,  even  though  the  best  was 
chosen.  The  crossed  progeny  was  represented  by  a  single  ear  selected 
largely  because  its  vitalitj'"  was  the  best  available. 

Table  XV  shows  the  variability  in  the  germinating  power  both 
within  the  variety  and  between  the  varieties. 
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Table  XV. — Germination  record  of  11  varieties  of  corn  cross-fertilized  with  Marlboro 

Prolific  pollen. 


Nos.  of  ears  tested. 

A  verago 

Name  of  variety  and  I'haraiter  of  germination. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

of  10  ears. 

Aldrich  Perfection: 

Strong                       

0 

8 

9 
1 

10 
0 

10 
0 

10 
0 

9 

1 

5 
2 

10 
0 

8 
2 

2 

7 

10 
0 

3 
3 

10 
0 

8 
2 

9 

1 

10 
0 

9 

1 

7 
1 

1 
9 

10 
0 

0 

5 

10 
0 

4 
4 

10 
0 

4 
5 

8 
2 

10 
0 

10 
0 

10 
0 

f> 

4 

9 

1 

0 
9 

10 
0 

5 
5 

5 
4 

6 
3 

8 
2 

7 
3 

10 
0 

8 
1 

8 
1 

10 
0 

5 

5 

5 
2 

0 
9 

8 
2 

7 
3 

8 
1 

10 
0 

10 
0 

9 
1 

7 
3 

10 
0 

3 
6 

10 
0 

8 
2 

5 
4 

I'l 
3 

8 
0 

10 
0 

10 
0 

3 
4 

10 
0 

9 
1 

7 
3 

5 
5 

5 
3 

9 

1 

10 
0 

7 
2 

5 
5 

9 

1 

5 
5 

8 
2 

10 
0 

0 

7 

6 
3 

1 

S 
2 

10 
0 

8 
2 

7 
3 

10 

0 

0 
10 

10 
0 

8 
0 

3 
4 

9 
0 

0 

2 

10 
0 

10 
0 

10 
0 

7 
3 

10 
0 

2 

7 

6 
3 

8 
2 

3 

7 

4 
6 

7 
3 

5 
5 

8 
2 

5 
5 

8 
2 

8 
2 

4 
5 

4 
5 

10 
0 

0 
10 

9 
0 

4.2 

Weak                 

4.0 

Cocke  Prolific: 

7.9 

Weak                       

1.9 

Marlboro  Prolific: 

7.9 

Weak          

1.8 

Mosby  Prolific: 

Strong               ..,...,...--.-...-.---.... 

8.5 

Weak                 

1.1 

Native  of  Statesboro: 

8.4 

Weak                    

1.6 

Rodgers  White  Dent: 

9.5 

Weak             

.5 

Sanders  Prolific: 

Strong                   .........---------- 

5.3 

Weak                  

3.6 

7.0 

Weak            

2.7 

Tindal: 

9.2 

Weak               

.6 

2.3 

Weak       

6.3 

Williamson: 

7.8 

Weak               

1.6 

An  unusual  quantity  of  this  seed  was  planted  in  each  hill  and  later 
thinned  to  the  stand  desired.  When  the  com  came  up  and  started 
to  grow,  the  vigor  of  the  crossed  and  of  the  uncrossed  plants  was  not 
noticeably  different.  The  productiveness  of  the  female  parents  in 
comparison  with  the  first-generation  crosses  was  tested  at  States- 
boro, and  upon  the  same  farm  where  the  crosses  were  produced  the 
previous  year,  but  in  a  different  field.  The  field  had  been  brought 
into  cultivation  more  recently  than  those  used  in  1909,  and  altliough 
not  rich  it  was  quite  uniformly  fertile. 

The  seed  was  planted  in  hills,  and  two  stalks  were  left  to  the  hill. 
The  stalks  stood  from  6  to  8  inches  apart  in  the  hill.  The  iirst  mem- 
ber of  each  hill  in  a  row  was  from  the  remnant  seed,  and  the  second 
member  of  the  hill  was  progeny  of  the  first,  which  had  been  cross- 
poUinated  the  previous  year. 

PLAN   OF   TESTING   PRODUCTIVENESS   IN   1910. 

Diagram  2  shows  the  arrangement  of  this  1910  planting.  The 
varieties  were  planted  in  alphabetical  order,  and  their  ears  in  numer- 
ical order.  As  shown  in  the  plan,  each  hill,  for  example,  of  row  1  in 
section  1  contained  two  stalks;  the  first  stalk  was  from  original  ear  1 
of  Aldrich  Perfection,  and  the  second  stalk  from  an  ear  descending 
directly  from  ear  1  of  Aldrich  Perfection,  and  which  was  cross- 
pollinated  in  1909  with  pollen  from  Rodgers  White  Dent. 
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CONDITIONS   FOR   GROWTH. 

The  land  had  been  thoroughly  plowed  several  weeks  previous  to 
planting.  Just  before  planting,  furrows  were  opened  with  a  large 
shovel,  which  not  only  permitted  planting  below  the  level  in  moist 
earth,  but  also  helped  to  throw  to  one  side  hidden  obstructions  that 
might  interfere  with  a  uniform  thrust  of  the  hand  planters  used. 

A  marked  wire  was  used  to  regulate  both  the  spacing  of  the  hills 
in  the  row  and  the  spacing  of  the  stalks  in  the  liills. 

The  writer  and  his  assistant  planted  all  of  the  seed.  Each  man 
carried  seed  for  a  certain  member  of  the  hill  only,  and  together  they 
planted  each  hill.  On  removing  the  planter  from  the  ground  the 
foot  was  placed  upon  the  spot  and  the  weight  of  the  body  was  thrown 
upon  it  in  stepping  forward  to  the  next  hill.  Care  was  taken  to 
remove  trash  or  any  other  obstruction  that  might  interfere  with 
proper  planting. 

Nine  square  feet  per  plant  were  allowed,  so  that  very  little  compe- 
tition for  sunlight  was  possible  among  the  plants.  The  rainfall  was 
abundant  except  for  a  week  or  10  days  previous  to  tassehng.  A 
liberal  supply  of  commercial  fertilizer  was  used. 

Abnormal  growth  (barrenness,  smut,  etc.)  was  very  rare  among 
the  plants,  but  there  were  missing  members  of  some  hills  and  a  few 
missing  hills.  However,  in  securing  the  data  that  follow,  considera- 
tion was  taken  only  of  hills  that  grew  under  normal  conditions  and 
whose  members  seemed  to  have  had  equal  opportunity  and  were 
normal. 

MANNER   OF   HARVESTING. 

The  harvesting  was  done  by  four  men.  One  carried  a  notebook 
and  kept  all  of  the  records.  Another  carried  a  knife  and  selected  and 
cut  the  liills  of  a  row  that  were  suitable.  The  other  two  men  took 
the  stalks  as  they  were  cut,  one  carrying  the  first  member  only  and 
the  other  carrying  the  second  member  only. 

The  fodder  was- thus  collected  and  carried  to  the  end  of  the  rows 
and  there  weighed,  and  the  collective  weights  of  the  two  members  of 
each  hill  were  recorded  separately. 

The  ears  were  then  separated  from  the  stover,  and  the  weight  of 
each  together  with  the  number  of  ears  was  recorded. 

MOISTURE    IN    GRAIN    HARVESTED. 

Through  the  courtesy  of  the  Office  of  Grain  Standardization  mois- 
ture determinations  were  obtained  of  grain  shelled  from  many  ears 
of  each  variety  and  each  cross.  The  extreme  variation  among  the 
varieties  and  crosses  was  less  than  2  per  cent  of  moisture.  The 
shelled  grain  of  Aldrich  Perfection  and  Whelchel  contained  16  per 
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cent  of  moisture,  and  the  other  varieties  and  crosses  contained  about 
1  per  cent  less.  The  appearance  of  the  large  cobs  of  the  Whelchel 
and  Aldrich  Perfection  varieties  and  the  rotting  of  the  ears  indicated 
that  the  entire  ears  of  these  varieties  contained  a  greater  excess  of 
moisture  than  did  the  shelled  grain.  In  these  two  cases  a  correction 
for  moisture  content  would  give  a  more  valuable  comparison,  but 
since  the  moisture  content  of  the  entire  ears  was  not  determined  the 
comparisons  of  productiveness  are  in  all  cases  based  on  the  weight  of 
ears  as  harvested. 

PRESENTATION    OF   RESULTS    IN    GEORGIA. 
DATA   COLLECTED   AT   HARVEST. 

Table  XVI  gives  in  detail  the  data  collected  at  harvest  time  in  1910. 

Table  X^'I. —  Yield  record  of  11  varieties  of  corn  and  their  crossed  progeny  tested  at 

Statesboro,  Ga. 

Aldrich  Perfection  ?  X  Marlboro  Prolific  (f.i 


Num- 

Seed 

ber 

ear 

of 

No. 

perfect 

hills. 

1 

14 

2 

8 

3 

12 

4 

19 

5 

12 

6 

14 

7 

13 

8 

8 

9 

16 

10 

16 

Kind  of  product. 


Weight  of  product  (pounds). 


Total. 


Origi- 
nal. 


Cross. 


Per  stalk. 


Origi- 
nal. 


Cross. 


Differ- 
ence. 


Per 

cent 
of 
differ- 
ence. 


Number  of  ears 
produced. 


Origi- 
nal. 


Cross. 


/Ears . . 
\Stalks, 
/Ears.. 
\Stalks 
/Ears.. 
\S  talks 
/Ears.. 
\Stalks 
/Ears.. 
\StaIks, 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 
(Ears.. 
IStaUcs 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 


9.75 

13.75 
4.25 
6.25 
5.75 
8.75 

11.00 

15.25 
6.75 

10.00 
4.25 

17.00 
8.50 

16.25 
5.00 
8.00 
4.50 

15.75 
8.75 

13.00 


9.50 

14.25 

5.00 

8.25 

7.25 

11.50 

11.50 

17.  25 

7.75 

11.50 

8.50 

12.75 

6.  75 

10.25 

■5.00 

7.50 

7.25 

12.  25 

8.00 

11.25 


0.70 
.98 
.53 
.78 
.48 
.73 
.58 
.80 
.56 
.83 
.30 

1.21 
.65 

1.25 
.63 

1.00 
.28 
.98 
.55 
.81 


0.68 
1.02 
.63 
1.03 
.60 
.96 
.61 
.91 
.65 
.96 
.61 
.91 
.52 
.79 
.63 
.94 
.45 
.77 
.50 
.70 


-0.02 
.04 
.10 
.25 
.12 
.23 
.03 
.11 
.09 
.13 
.31 

-  .30 

-  .13 

-  .46 
.00 

-  .06 
.17 

-  .M 

-  .05 

-  .11 


-  3 

4 
18 
32 
26 
31 

5 

13 

15 

15 

100 

-  25 

-  21 

-  37 

0 

-  6 
61 

-  22 

-  9 

-  13 


15 


8 

'i2' 


20 

is" 


14 

"is 


8 

ie 
'ie 


14 

"7 
'i2 
ig 
'i2 
"i4 
"i3 
"h 
"ih 
"io 


1  Favoring  the  cross:  Ears,  6  out  of  10;  stalks,  5  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0.52  pound;  by  the  cross.  0.58  pound.  Average  weight  of  stover  per  stalk  produced  by 
female  parent,  0.94  pound;  by  tlio  cross,  0.88  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  12  per  cent;  stover,  —6  per  cent. 
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Table  XVI. —  Yield  record  of  11  varieties  of  corn  and  their  crossed  progeny  tested  at 

Statesboro,  Ga. — Continued. 

Aldrich  Perfection  $  X  Rodgers  White  Dent  cT-' 


Num- 
ber 
of 
perfect 
hills. 

Kind  of  product. 

Weight  of  product  (pounds). 

Per 
cent 
of 
differ- 
ence. 

Number  of  ears 

Seed 
ear 
No. 

Total. 

Per  stalk. 

produced. 

Origi- 
nal. 

Cross. 

Origi- 
nal. 

Cross. 

Differ- 
ence. 

Origi- 
nal. 

Cross. 

14 
21 

8 
24 
14 
18 
15 
17 

8 
12 

yEars 

8.00 
9.50 

11.25 

17.25 
3.25 
7.25 

13.25 

19.50 
7.25 

11.00 
8.50 

14.00 
9.25 

14.50 
9.25 

14.75 
3.75 
6.25 
7.50 

10.75 

6.25 

12.50 

13.00 

20.25 

5.00 

8.00 

13.25 

21.00 

8.00 

12.50 

11.50 

16.75 

9.75 

16.00 

11.00 

17.75 

5.25 

8.00 

6.75 

10.50 

0.57 
.68 
.54 
.82 
.41 
.91 
.55 
.81 
.52 
.79 
.47 
.78 
.62 
.97 
.54 
.87 
.47 
.78 
.63 
.90 

0.45 
.89 
.62 
.96 
.63 

1.00 
.55 
.88 
.57 
.89 
.64 
.93 
.65 

1.07 
.65 

1.04 
.66 

1.00 
.56 
.88 

-0.12 
.21 
.08 
.14 
.22 
.09 
.00 
.07 
.05 
.10 
.17 
.15 
.03 
.10 
.11 
.17 
.19 
.22 

-  .07 

-  .02 

-  22 

32 

16 

17 

54 

10 

0 

8 

10 

14 

35 

20 

5 

10 

19 

20 

40 

28 

-10 

-  2 

14 

14 

1 

1  Stalks 

/Ears 

21 

21 

2 

1  Stalks 

(Ears 

8 

9 

3 

1  Stalks 

/Ears 

24 

25 

4 

1  Stalks 

/Ears 

14 

15 

5 

istnlks 

/Ears 

18 

20 

6 

1  Stalks 

/Ears 

15 

19 

i 

is  talks 

/Ears 

17 

17 

8 

1  Stalks 

/Ears 

8 

10 

9 

1  Stalks 

/Ears 

12 

12 

10 

1  Stalks 

COCKJE   PROLIFIC    ?    X    MARLBORO   PROLIFIC   (}  ? 


1 

22 

2 

18 

3 

21 

4 

20 

5 

18 

6 

23 

7 

24 

8 

19 

9 

21 

10 

18 

/Ears... 
\S  talks.. 

iEars... 
Stalks.. 
Ears... 
Stalks.. 
/Ears... 
\Stalks., 
/Ears... 
\Stalks., 
/Ears... 
\Stalks. 
/Ears.. 
\  Stalks. 
/Ears.. 
\Stalks. 
/Ears.. 
\Stalks. 
/Ears.. 
Istalks. 


10.25 
17.25 
10.50 
16.00 

9.00 
13.00 
10.00 
16.50 
10.50 
16.00 
10.75 
17.25 
11.75 
20.25 
11.00 
17.00 

9.00 
14.50 
11.00 
18.25 


10.50 
16.00 
10.50 
15.75 
10.00 
14.25 
8.75 
13.50 
10.25 
14.75 
13.50 
20.50 
12.50 
19.  25 
12.00 
17.25 
12.50 
19.75 
11.75 
17.50 


0.47 
.78 
.58 
.89 
.43 
.62 
.50 
.83 
.58 
.89 
.47 
.75 
.49 
.84 
.58 
.89 
.43 
.69 
.61 

1.01 


0.48 
.73 
.58 
.88 
.48 
.68 
.44 
.68 
.57 
.82 
.59 
.89 
.52 
.80 
.63 
.91 
.60 
.94 
.65 
.97 


0.01 

-  .05 
.00 

-  .01 
.05 
.06 

-  .06 

-  .15 

-  .01 

-  .07 
.12 
.14 
.03 

-  .04 
.05 
.02 
.17 
.25 
.04 

-  .04 


2 

-  7 
0 

-  2 
11 
10 

-13 
-18 

-  2 

-  8 
26 
19 

6 

-  5 
9 
1 

39 

36 

7 

-  4 


26 


20 
"2\ 


21 
'25' 


29 
"27' 


24 
28 


24 

23 

23 

'26 

'25 

28 

25 

28 

'30 

23 


1  Favoring  the  cross:  Ears,  7  out  of  10;  stalks,  9  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0.54  pound;  by  the  cross,  0.59  pound.  Average  weight  of  stover  per  stalk  produced  by 
female  parent,  0.83  pound;  by  the  cross,  0.95  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  10  per  cent;  stover,  15  per  cent. 

2  Favoring  the  cross:  Ears,  7  out  of  10;  stalks,  4  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0.51  pound;  bv  the  cross,  0.55  pound.  Average  weigTit  of  stover  per  stalk  produced  by 
female  parent,  0.81  pound;  by  the  cross,  0.83  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  8  per  cent;  stover,  2  per  cent. 

218 


52  CROSSBREEDING  CORN. 

Table  XVI. —  Yield  record  of  H  varieties  of  corn  and  their  crossed  progeny  tested  at 

Statesboro,  Ga. — Continued. 

Cocke  Prolific  $  X  Rodgers  White  Dent  cf  •' 


Num- 
ber 
of 
perfect 
hills. 

Kind  of  product. 

Weight  of  product  (pounds). 

Per 

cent 

of 

difTer- 

ence. 

Number  of  ears 

Seed 
ear 
No 

Total. 

Per  stalk. 

produced. 

Origi- 
nal. 

Cross. 

Origi- 
nal. 

Cross. 

Differ- 
ence. 

Origi- 
nal. 

Cross. 

13 
18 
21 
18 
12 
14 
21 
23 
21 
15 

/Ears 

6.75 

12.00 

9.25 

14.00 

9.00 

12.75 

8.25 

14.25 

5.75 

8.75 

6.25 

9.75 

10.25 

16.25 

11.75 

17.00 

9.00 

14.50 

6.50 

9.25 

5.75 

9.25 

10.00 

14.50 

10.00 

15.25 

7.00 

10.00 

4.25 

6.25 

6.75 

9.25 

10.50 

15.25 

13.75 

19.50 

9.50 

16.00 

7.25 

10.50 

0.52 
.92 
.51 

.78 
.43 
.61 
.46 
.79 
.48 
.73 
.45 
.70 
.49 
.77 
.51 
.74 
.43 
.69 
.43 
.62 

0.44 
.71 
.56 
.81 
.48 
.73 
.39 
.56 
.35 
.52 
.48 
.66 
..50 
.73 
.60 
.85 
.45 
.76 
.48 
.70 

-0.08 

-  .21 
.05 
.03 
.05 
.12 

-  .07 

-  .23 

-  .13 

-  .21 
.03 

-  .04 
.01 

-  .04 
.09 
.11 
.02 
.07 
.05 
.08 

-15 

-23 

8 

4 

11 

20 

-15 

-30 

-26 

-29 

8 

-  5 
2 

-  6 
17 
15 

6 
10 
12 
14 

13 

13 

1 

\st.alir,s 

/Ears 

18 

20 

2 

tstalks 

/Ears 

22 

22 

3 

\Stalks 

/Ears 

20 

18 

4 

\Stalks 

/Ears 

13 

12 

5 

tStalis 

/Ears 

16 

14 

0 

tstalks 

/Ears 

22 

21 

7 

tstalks 

/Ears 

28 

31 

8 

tstalks: 

/Ears 

25 

22 

9 

tstalks 

/Ears 

16 

17 

10 

tstalks 

Marlboro  Prolific  $  X  MiRLBORO  Prolific  c?' 


21 
18 
21 
20 
15 
19 
22 
25 
23 
23 

/Ears..   . 

10.75 
19.00 

9.25 
14.50 
11.00 
18.50 
10.75 
16.25 

7.75 
13.25 

9.00 
13.50 

9.75 
15.25 
11.50 
19.50 
12.25 
19.00 
10.00 
16.00 

11.00 
17.25 
11.50 
18.75 
12.00 
21.25 

8.00 
1.3. 25 

6.50 
11.25 
10.00 
15. 25 
12.25 
19.25 
14.25 
21.75 
10.75 
17.00 

9.25 
13. 75- 

0.51 
.90 
.51 
.81 
.52 
.88 
.54 
.81 
.52 
.88 
.47 
.71 
.44 
.69 
.46 
.78 
.53 
.83 
.43 
.70 

0.52 
.82 
.64 

1.04 
.57 

1.01 
.40 
.66 
.43 
.75 
.53 
.80 
.56 
.88 
.57 
.87 
.47 
.74 
.40 
.60 

0.01 

-  .08 
.13 
.23 
.05 
.13 

-  .14 

-  .15 

-  .09 

-  .13 
.06 
.09 
.12 
.19 
.11 
.09 

-  .06 

-  .09 

-  .03 

-  .10 

2 

-  9 
24 
29 

9 

15 

-26 

-18 

-16 

-15 

11 

13 

26 

26 

24 

12 

-12 

-11 

-  8 
-14 

27 

27 

1 

tstalks 

/Ears 

19 

25 

2 

tstalks 

/Ears 

25 

28 

3 

tstalks 

/Ears 

22 

30 

4 

tstalks 

/Ears 

20 

16 

5 

■[Stalks 

/Ears 

23 

90 

6 

tstalks 

(Ears 

26 

33 

7 

\Stalks 

/Ears 

29 

38 

8 

■[Stalks 

/Ears 

30 

OO 

9 

tstalks 

/Ears 

27 

24 

10 

[Stalks 

«  Favoring  the  cross:  Ears,  7  out  of  10;  stalks,  5  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0.47  pound;  by  the  cross,  0.48  pound.  Average  weight  of  stover  per  stalk  produced  by 
female  parent,  0.73  pound;  by  the  cross,  0.71  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  2  per  cent;  stover,  2  per  cent. 

•Favoring  the  cross:  Ears,  6  out  of  10;  stalks,  5  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0.49  pound;  by  the  cross,  0.51  pound.  Average  weight  of  stover  per  staLk  produced  by 
female  parent,  O.SO  pound;  by  the  cross,  0.82  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  3  per  cent;  stover,  2  per  cent. 
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Table  XVI. —  Yield  record  of  11  varieties  of  corn  and  their  crossed  progeny  tested  at 

atatesboro,  Ga.— Continued. 

Marlboro  Proufic  9  x  Kodqers  White  Dent  (/.i 


Num- 

Seed 

ber 

ear 

of 

No. 

perfect 

hills. 

1 

25 

2 

26 

3 

22 

4 

25 

5 

22 

6 

21 

7 

24 

8 

21 

9 

18 

10 

15 

Kind  of  product. 


/Ears.. 
\Stalks. 

IEars.. 
Stalks, 
Ears.. 
Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 

iEars.. 
Stalks 
Ears.. 
Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 


Weight  of  product  (pounds). 


Total. 


OriKi- 
nal. 


14.50 
26.50 
12.50 
21.00 
11.50 
19.75 
14.50 
26.25 
12.00 
21.00 
11.00 
18.50 
10.75 
19.00 
12.00 
22.00 
10.50 
17.00 
7.50 
12.75 


Cross. 


13.25 
25.25 
14.00 
25.00 
12.00 
23.25 
15.00 
26.75 
13.00 
23.00 
12.00 
21.00 
13.50 
23.50 
11.75 
19.50 
10.50 
17.  25 
10.00 
15.75 


Per  stalk. 


Origi- 
nal. 


0.58 

1.06 
.48 
.81 
.52 
.90 
.58 

1.05 
.55 
.95 
.52 
.88 
.45 
.79 
.57 

1.05 
.58 
.94 
.50 
.85 


Cross. 


0.53 

1.01 
.54 
.96 
.55 

1.06 
.60 

1.07 
.59 

1.05 
.57 

1.00 
.56 
.98 
.56 
.93 
.58 
.96 
.67 

1.05 


Differ- 
ence. 


-0.05 

-  .05 
.06 
.15 
.03 
.16 
.02 
.02 
.04 
.10 
.05 
.12 
.11 
.19 

-  .01 

-  .12 
.00 
.02 
.17 
.20 


Per 
cent 
of 
differ- 
ence > 


-  9 

-  5 
12 
19 

4 

18 

3 

2 

8 

10 

9 

14 

26 

24 

-  2 
-11 

0 

1 

33 

24 


Number  of  ears 
produced. 


Origi- 
nal. 


33 


28 
'29 


37 
'27 


28 
'29 


29 
'22 

is 


Cross. 


28 
'27 
'27 
'27 
'28 
'23 
'28 
'22 
'26 
"22 


MosBY  Prolific  9  X  Marlboro  Prolific  J^ 


1 

25 

2 

20 

3 

19 

4 

19 

5 

20 

6 

16 

7 

17 

8 

13 

9 

17 

10 

23 

/Ears... 
\S  talks., 
/Ears... 
\Stalks. 
/Ears... 
\Stalks. 
/Ears... 
\Stalks. 
/Ears... 
\Stalks. 
/Ears... 
\S talks. 
/Ears... 
\S talks. 

iEars... 
Stalks. 
Ears... 
Stalks. 
/Ears... 
\S talks. 


12.00 
21.00 
12.50 
20.00 

8.00 
14.50 

8.75 
14.25 

9.00 
15.50 

7.75 
13.75 

8.25 
14.00 

8.00 
13.75 

8.75 
15.00 

9.00 
18.00 


13.75 
22.75 
13.00 
20.00 
10.00 
16.50 

9.50 
15.50 
11.75 
18.25 

9.26 
14.75 

9.00 
14.00 

8.75 
15.25 

9.00 
14.00 
10.00 
18.00 


0.48 
.84 
.63 

1.00 
.42 
.76 
.46 
.75 
.45 
.78 
.48 
.86 
.49 
.82 
.62 

1.06 
.51 
.88 
.39 
.78 


0.55 
.91 
.65 

1.00 
.53 
.87 
.50 
.82 
.59 
.91 
.58 
.92 
.53 
.82 
.67 

1.17 
.53 
.82 
.43 
.78 


0.07 
.07 
.02 
.00 
.11 
.11 
.04 
.07 
.14 
.13 
.10 
.06 
.04 
.00 
.05 
.11 
.02 
-  .06 
.04 
.00 


15 

8 

4 

0 

25 

14 

9 

9 

31 

18 

19 

7 

9 

0 

9 

11 

3 

-  7 

11 

0 


35 

34 

34 

30 

2^1 

25 

20 

20 

22 

2(i 

19 

18 

19 

18 

18 

19 

18 

23 

23 

25 

Average  weight  of  ears  per  stalk  produced  by 

Average  weight  of  stover  per  stalk  produced 

Increased  yield  of  cross  over  the  female  parent: 


1  Favoring  the  cross:  Ears,  7  out  of  10;  stalks,  8  out  of  10. 
the  female  parent,  0.53  pound;  by  the  cross,  0.57  pound, 
by  female  parent,  0.93  pound;  by  the  cross,  1.01  pounds. 
Grain,  7  per  cent;  stover,  8  per  cent.  „  ■,        . 

2  Favoring  the  cross:  Ears,  10  out  of  10;  stalks,  6  out  of  10.  Average  weight  of  ears  per  stalk  produced 
by  the  female  parent,  0.49  pound;  by  the  cross,  0.55  pound.  Average  weight  of  stover  per  stalk  pro- 
duced by  female  parent,  0.S5  pound;  by  the  cross,  0.89  pound.  Increased  yield  of  cross  over  the  female 
parent:  Grain,  13  per  cent;  stover,  6  per  cent. 
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Table  XVI. 


CROSSBREEDING   CORN. 


Yield  record  of  11  varieties  of  corn  and  their  crossed  progeny  tested  at 
Statesboro,  Ga. — Continued. 


MOSBY  PEOLIFIC    $    X    RODGERS  WHITE  DENT   cf.l 


Niun- 

Seed 

ber 

ear 

of 

No. 

perfect 

hills. 

1 

18 

2 

17 

3 

22 

4 

18 

5 

22 

6 

20 

7 

22 

8 

23 

9 

18 

10 

25 

Kind  of  product. 


/Ears.. 
\Stalks 
I  Ears.. 
\Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 


Weight  of  product  (pounds). 


Total. 


Origi- 
nal. 


6.75 
13.00 

6.75 
11.25 

8.75 
14.75 

9.00 
14.50 

8.50 
14.25 

8.50 
14.75 
10.25 
17.25 
10.25 
19.50 
10.00 
16.75 
10.75 
20.25 


Cross. 


10.00 
15.75 
8.25 
12.25 
12.50 
20.25 
11.50 
18.50 
11.00 
17.50 
11.50 
18.00 
12.75 
20.50 
13.00 
21.75 
10.75 
18.50 
13.75 
23.25 


Per  stalk. 


Origi- 
nal. 


0.38 
.72 
.40 
.66 
.40 
.67 
.50 
.81 
.39 
.65 
.43 
.74 
.47 
.78 
.45 
.85 
.56 
.93 
.43 
.81 


Cross. 


0.56 

.88 
.49 
.72 
.57 
.92 
.64 

1.03 
.50 
.80 
.58 
.90 
.58 
.93 
.57 
.95 
.60 

1.03 
.55 
.93 


Differ- 
ence. 


0.18 
.16 
.09 
.06 
.17 
.25 
.14 
.22 
.11 
.15 
.15 
.16 
.11 
.15 
.12 
.10 
.04 
.10 
.12 
.12 


Per 
cent 
of 
differ- 
ence. 


Number  of  ears 
produced. 


Origi- 
nal. 


48 
21 
22 

9 
43 
37 
28 
28 
29 
23 
35 
22 
24 
19 
27 
12 

8 
10 
28 
15 


25 

'is' 
'27' 
'21' 
'22' 
'23' 
'25' 
'si' 
'22' 
'28' 


Cross. 


23 

'26 

"si 
'22 
'27 
'27 
"27 
'26 
"22 
'29 


Native  of  Statesboeo  9  X  Maklboro  Proufic  d^ 


21 
20 
7 
23 
21 
13 
15 

/Ears 

13.25 
21.25 
10.75 
17.50 

3.25 

5.50 
11.25 
18.75 

9.00 
15.25 

7.00 
11.00 

7.25 
11.25 

6.00 
10.00 

7.75 
13.25 

6.75 

9.75 

12.75 
20.00 
11.50 
18.00 

3.25 

5.00 
12.25 
21.50 
10.  50 
17.75 

6.75 
11.50 

7.00 
11.00 

6.25 
10.50 
10.00 
15.25 

7.00 
10.50 

0.63 
1.01 
.54 
.88 
.46 
.79 
.49 
.82 
.43 
.73 
.54 
.85 
.48 
.75 
.60 
1.00 
.43 
.74 
.52 
.75 

0.61 
.95 
.58 
.90 
.46 
.71 
.53 
.93 
.50 
.85 
.52 
.88 
.47 
.73 
.63 

1.05 
.,56 
.85 
.54 
.81 

-0.02 

-  .06 
.04 
.02 
.00 

-  .08 
.04 
.11 
.07 
.12 

-  .02 
.03 

-  .01 

-  .02 
.03 
.05 
.13 
.11 
.02 
.06 

-4 

-  6 
7 
3 
0 

-  9 
9 

15 
17 
16 

-  4 
5 

-  3 

-  2 
4 
5 

29 

15 

4 

8 

22 

23 

1 

\Stalks 

/Ears       .... 

21 

22 

2 

\Stalks 

/Ears 

7 

8 

3 

\Stalks 

/Ears        

24 

25 

4 

\Stalks 

/Ears 

22 

21 

5 

\Stalks 

6 

/Ears 

Istalks 

14 

14 

/Ears 

15 

16 

7 

\Stalks 

/Ears 

11 

15 

8 

10 
18 
13 

\Stalks 

/Ears 

18 

19 

9 

^Stalks 

/Ears 

13 

14 

10 

\Stalks 

1  Favoring  the  cross:  Ears,  10  out  of  10;  stalks,  10  out  of  10.  Average  weight  of  cars  per  stalk  produced 
by  the  female  parent,  0.44  pound;  by  the  cross,  0.56  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.76  pound;  by  the  cross,  0.91  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  28  per  cent;  stover,  19  per  cent. 

2  Favoring  the  cross:  Kars,  6  out  of  10;  stalks,  7  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0.51  pound;  by  the  cross,  0.54  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.83  poimd;  by  the  cross,  0.88  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  6  per  cent;  stover,  0  per  cent. 
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Table  XVI. —  Yield  record  of  11  varieties  of  corn  and  their  crossed  progeny  tested  at 

^tatesboro,  Ga.— Continued. 


Native  of  Statesboro  ?  X  Rodgebs  White  Dent  cT-' 


Num- 
ber 
of 
perfect 
hills. 

Kind  of  product. 

Weight  of  product  (pounds). 

Per 

cent 

of 

difler- 

ence. 

Number  of  ears 

Seed 
ear 
No. 

Total. 

Per  stalk. 

produced. 

Origi- 
nal. 

Cross. 

Origi- 
nal. 

Cross. 

Differ- 
ence. 

Origi- 
nal. 

Cross. 

15 
18 
11 
12 

17 
11 
18 
19 
22 
21 

fEars 

9.50 
15.50 
10.75 
18.75 

7.25 
12.25 

7.00 
12.25 

9.50 
16.50 

5.50 
11.50 

8.00 
15.00 

8.25 
14.50 

7.75 
14.00 

9.75 
14.25 

7.50 
12.75 
11.00 
18.50 

7.25 
12.25 

6.00 

9.50 
10.50 
17.50 

6.00 
10.50 

8.25 
14.25 
10.50 
18.75 
12.00 
20.50 

9.75 
16.75 

0.63 

1.03 
.60 

1.04 
.60 

1. 11 
.58 

1.02 
.56 
.97 
.50 

1.05 
.44 
.83 
.43 
.76 
.35 
.64 
.46 
.68 

0.50 
.85 
.61 

1.03 
.66 

1.11 
.50 
.79 
.62 

1.03 
.55 
.95 
.46 
.79 
.55 
.99 
.55 
.93 
.40 
.80 

-0.13 

-  .18 
.01 

-  .01 
.00 
.00 

-  .08 

-  .23 
.06 
.06 
.05 

-  .10 
.02 

-  .04 
.12 
.23 
.20 
.29 
.00 
.12 

-21 

-18 

2 

-  1 
0 
0 

-14 

-22 

11 

6 

9 

-  9 
3 

-  5 
27 
29 
55 
46 

0 
18 

17 

15 

1 

1  Stalks 

/Ears 

19 

22 

2 

1 Stalks 

JEars 

12 

14 

3 

1  Stalks    .. 

fEars 

12 

12 

4 

1  Stalks 

/Ears 

17 

17 

5 

Istalks 

/Ears 

12 

11 

G 

1  stalks 

/Ears 

18 

20 

7 

Istalks 

/Ears 

19 

19 

8 

istalks 

(Ears 

23 

22 

9 

Istalks 

/Ears 

21 

21 

10 

Istalks 

RODGEES  White  Dent  9  X  Marlboro  Prolific  c?-^ 


1 

18 

2 

22 

3 

19 

4 

21 

5 

25 

6 

17 

7 

22 

8 

17 

9 

12 

10 

17 

/Ears.. 
\Stalks, 
/Ears., 
tstalks, 
/Ears.. 
\Stalks, 
/Ears . . 
\Stalks, 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 

iEars . . 
Stalks 
Ears.. 
Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 


10.00 

15.50 

11.50 

10.75 

9.75 

15.75 

12.00 

17.50 

11.75 

18.25 

7.50 

12.25 

10.00 

15.75 

9.25 

14.50 

5.25 

8.00 

8.50 

13.50 


10.75 
16. 75 
11.00 
17.00 
12.00 
19.00 
11.75 
18.75 
13.00 
20.50 
10.25 
15.25 
10.50 
16.75 

9.25 
14.75 

6.75 
11.00 

9.50 
15.00 


0.56 

.86 
.52 
.76 
.51 
.83 
.57 
.83 
.47 
.73 
.44 
.72 
.45 
.72 
.54 
.85 
.44 
.67 
.50 
.79 


0.60 
.93 
.50 
.77 
.63 

1.00 
.56 
.89 
.52 
.82 
.60 
.90 
.48 
.76 
..54 
.87 
.56 
.92 
.56 
.88 


0.04 
.07 

-  .02 
.01 
.12 
.17 

-  .01 
.06 
.05 
.09 
.16 
.18 
.03 
.04 
.00 
.02 
.12 
.25 
.06 
.09 


8 

-  4 
1 

23 
21 

-  2 
7 

11 

12 

37 

24 

5 

6 

0 

2 

28 
38 
12 
11 


18 


26 
'22' 


28 
'25' 


17 
'22' 


17 

"is 

"19 


24 

'22 

23 

'27 
'36 

ig 

"22 

ig 

14 

'26 


1  Favoring  the  cross:  Ears,  6  out  of  10;  stalks,  4  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0.51  pound;  by  the  cross,  0.54  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.88  pound;  by  the  cross,  0.92  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  7  per  cent;  stover,  5  per  cent. 

2  Favoring  the  cross:  Ears,  7  out  of  10;  stalks,  10  out  of  10.  Average  weight  of  ears  per  stalk  produced 
by  the  female  parent,  0.50  pound;  bv  the  cross,  0.55  pound.  Average  weight  of  stover  per  stalk  pro- 
duced by  female  parent,  0.78  pound; "by  the  cross,  0.87  pound.  Increased  yield  of  cross  over  the  female 
parent:  Grain,  10  per  cent;  stover,  12  per  cent. 
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CROSSBREEDING  CORN. 


Table  XVI. —  Yield  record  of  11  varieties  of  corn  and  their  crossed  progeny  tested  at 

Statesboro,  Ga. — Continued. 

RoDGEES  White  Dent  9  X  Rodgers  White  Dent  <?.' 


Seed 
ear 
No. 


Num- 
ber 
of 
perfect 

hills. 


1 

11 

2 

23 

3 

14 

4 

22 

5 

22 

6 

22 

7 

10 

8 

20 

9 

16 

0 

20 

Kind  of  product. 


/Ears.. 
tStalks, 
/Ears.. 
\Stalks 
(Ears.. 
\S  talks, 
/Ears.. 
\Stalks, 
/Ears.. 
\Stalks. 
/Ears.. 
IStalks. 
/Ears.. 
IStalks. 
/Ears.. 
\Stalks. 
/Ears.. 
\Stalks. 
/Ears.. 
IStalks. 


Weight  of  product  (pounds). 


Total. 


Per  stalk. 


Origi- 
nal. 


7.00 
11.25 
13.25 
21.25 

7.25 
11.00 
13.25 
21.00 
12.50 
19.75 
10.75 
17.50 

8.25 
13.50 
13.50 
21.25 

7.50 
11.50 
10.00 
15.50 


Cross. 


5.25 

8.25 
11.25 
17.00 

6.75 
10.75 
13.50 
22.00 

9.75 
16.00 

9.75 
14.50 

8.25 
12.75 
10.50 
15.25 

8.25 
13.25 
11.50 
18.25 


Origi- 
nal. 


0.64 
1.02 
.58 
.92 
.52 
.79 
.60 
.95 
.57 
.90 
.49 
.80 
.52 
.84 
.68 
1.06 
.47 
.72 
.50 
.78 


Cross. 


0.48 
.75 
.49 
.74 
.48 
.77 
.61 

1.00 
.44 
.73 
.44 
.66 
.52 
.80 
.53 
.76 
.52 

.a3 

..58 
.91 


Difler- 
ence. 


-0.16 

-  .27 

-  .09 

-  .18 

-  .04 

-  .02 
.01 
.05 

-  .13 

-  .17 

-  .05 

-  .14 
.00 

-  .04 

-  .15 

-  .30 
.05 
.11 
.08 
.13 


Per 
cent 
of 
differ- 
ence. 


-25 
-27 
-15 
-20 

-  7 

-  2 
2 
5 

-22 
-19 

-  9 
-17 

0 

-  6 
-22 
-28 

10 
15 
15 
18 


Number  of  ears 
produced. 


Origi- 
nal. 


13 


28 


31 
'28' 


22 

"ie 


20 

'is' 

'22' 


Cross. 


11 
"25 

"u 

"28 
'25 
'22 

'is 
'2i 
"ie 
'2i 


Sanders  Prolific  9  X  Marlboro  Prolific  <?.* 


1 

11 

2 

21 

3 

12 

4 

16 

5 

19 

6 

13 

7 

17 

8 

22 

9 

7 

10 

18 

/Ears.. 
\StaIks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 
/Ears.. 
\Stalks 

!Ears.. 
Stalks 
Ears . . 
Stalks 
/Ears.. 
IStalks, 
/Ears.. 
\Stalks, 
/Ears.. 
\Stalks. 
/Ears.. 
Istalks. 


6.75 
12.75 
10.25 
15. 75 

8.00 
12.00 

8.25 
13.75 
11.25 
19. 50 

7.00 
13.00 

9.75 
15.00 
12.00 
20.00 

4.00 

7.25 
11.00 
17.00 


6.00 
10.25 
13.25 
23.75 

9.00 
13.50 

8.25 
13.50 
11.50 
17.75 

7.25 
12.25 
11.50 
17.50 
10.50 
20.00 

4.25 

6.50 
10.00 
15.50 


0.61 

1.16 
.49 
.  75 
.67 

1.00 
.52 
.86 
.59 

1.03 
.54 

1.00 
.57 
.88 
.55 
.91 
.57 

1.04 
.01 
.94 


0.55 
.93 

.63 
1.13 
.  75 
1.13 
.52 
.84 
.61 
.93 
.56 
.94 
.68 
1.03 
.48 
.91 
.61 
.93 
.56 
.86 


-0.06 

-  .23 
.14 
.38 
.08 
.13 
.00 

-  .02 
.02 

-  .10 
.02 

-  .06 
.11 
.15 

-  .07 
.00 
.04 

-  .11 

-  .05 

-  .08 


-11 
-20 
29 
51 
13 
13 
0 

-  2 
2 

-  9 
4 

-  6 
18 
17 

-13 
0 
6 

-10 

-  9 

-  9 


12 


21 


17 
'25 


14 
'21' 


25 
"7' 
'26' 


14 
'27 

17 
'i7 
'25 

"is 

'23 

"22 
"9 

'2i 


1  Favoring  the  cross:  Ears,  3  out  of  10:  stalk.s,  3  out  of  10.  Average  weight  of  ears  per  stalk  produced 
by  the  female  parent ,  0.56  pound;  by  the  cross,  0.51  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.88  pound;  by  the  cross,  0.80  pound.  Increased  yield  of  cro.=;s  over  the  female  parent: 
Grain,  —8  per  cent;  stover,  —9  per  cent. 

3  Favoring  the  cross:  Ears,  6  out  of  10;  stalks,  3  out  of  10.  Average  weight  of  ears  per  stalk  produced 
by  the  female  parent,  0.57  pound;  by  the  cross,  0.59  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.94  pound;  by  the  cross,  0.96  pound.  Increased  yield  of  cross  over  the  femafe  parent: 
Grain,  4  per  cent;  stover,  3  per  cent. 
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TESTS   AT   STATESBORO,   GA.  57 

Yield  record  of  11  varieties  of  corn  and  their  crossed  progmy  tested  at 
Statesboro,  Ga. — Continued. 

Sandees  Prolific  9  x  Rodgers  White  Dent  d'.' 


Num- 
ber 
of 
perfect 

hills. 

Kind  of  product. 

-w 

'^eight  of 

product  (pounds). 

Per 
cent 
of 
differ- 
ence. 

Numbei 
prod  I 

•of  ears 

Seed 
ear 
No. 

Total. 

Per  stalk. 

iced. 

Origi- 
nal. 

Cross. 

Origi- 
nal. 

Cross. 

Differ- 
ence. 

Origi- 
nal. 

Cro.ss. 

10 
20 
15 
18 
4 
20 
15 
18 
21 
23 

/Ears          

4.75 

6.75 

9.50 

14.50 

7.50 

12.25 

9.75 

14.75 

2.50 

5.00 

10.00 

15.00 

8.25 

11.25 

10.25 

15.00 

9.50 

14.25 

10.50 

16.00 

5.00 

7.25 

11.50 

18.00 

10.25 

16.00 

10.50 

18.00 

2.25 

3.50 

12.50 

20.00 

8.25 

12.25 

10.25 

14.75 

10.75 

17.50 

12.25 

19.25 

0.48 
.68 
.48 
.73 
.50 
.82 
.54 
.82 
.63 

1.25 
.50 
.75 
.55 
.75 
.57 
.83 
.45 
.68 
.46 
.70 

0.50 
.73 
.58 
.90 
.68 

1.07 
.58 

1.00 
.56 
.88 
.63 

1.00 
.55 
.82 
.57 
.82 
.51 
.S3 
.53 
.84 

0.02 
.05 
.10 
.17 
.18 
.25 
.04 
.18 

-  .07 

-  .37 
.13 
.25 
.00 
.07 
.00 

-  .01 
.06 
.15 
.07 
.14 

5 

7 

21 

24 

37 

31 

8 

22 

-10 

-30 

25 

33 

0 

9 

0 

-  2 

13 

23 

17 

20 

10 

11 

1 

iStalks 

(Ears                 

21 

23 

2 

IStalks 

(Ears 

16 

19 

3 

IStalks 

(Ears 

19 

21 

4 

iStalks 

JEars  

5 

4 

5 

1  Stalks 

(Ears            

21 

23 

6 

\Stalks 

(Ears 

20 

16 

7 

1  Stalks 

JEars 

21 

21 

8 

IStalks 

(Ears           

22 

25 

9 

IStalks 

(Ears 

24 

23 

10 

IStalks 

Station  Yellow  9  X  Marlboro  Prolific  c?.2 


19 
21 
15 
17 
19 
19 
12 
18 
15 
19 

/Ears 

9.25 
15.50 
10.25 
17.00 

8.50 
14.50 

8.25 
13.00 

8.75 
13.00 

9.00 
14.50 

5.50 

8.75 
10.00 
15.25 

7.50 
11.50 
10.00 
14.75 

13.75 

20.50 
10.25 
16.00 

7.75 
11.75 

8.00 
12.50 
10.50 
17.25 
10.00 
15.00 

6.00 
11.00 

9.75 
15.00 
10.75 
15.75 
10.50 
16. 50 

0.49 
.82 
.49 
.81 
.57 
.97 
.49 
.76 
.46 
.68 
.47 
.76 
.46 
.73 
.56 
.85 
.50 
.77 
.53 
.78 

0.72 

l.OS 
.49 
.76 
.52 
.78 
.47 
.74 
.55 
.91 
.53 
.79 
.50 
.92 
.54 
.83 
.72 

1.05 
.55 
.87 

0.23 

.2(i 
.00 

-  .05 

-  .05 

-  .19 

-  .02 

-  .02 
.09 
.23 
.06 
.03 
.04 
.19 

-  .02 

-  .02 
.22 
.28 
.02 
.09 

49 

32 

0 

-  0 

-  9 
-19 

-  3 

-  4 
20 
33 
11 

3 

9 

20 

-  3 

-  2 
43 
37 

5 
12 

20 

31 

1 

IStalks 

(Ears     .            

23 

23 

2 

Istalks 

/Ears 

1  Stalks 

3 

19 

18 

4 

/Ears 

\Stalks 

/Ears 

\Stalks 

/Ears 

\Stalks 

/Ears 

IStalks 

(Ears 

18 

23 

5 

19 

23 

6 

20 

21 

7 

12 

15 

IS 

18 

8 

\Stalks 

/Ears 

15 

24 

9 

\Stalks 

10 

/Ears 

1 Stalks 

25 

23 

1  Favoring  the  cross:  Ears,  7  out  of  10;  stalks,  8  out  of  10.  Average  weight  of  ears  per  stalk  produced 
by  the  female  parent,  0.50  pound;  by  the  cross,  0.57  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.70  pound;  by  the  cross,  0.89  poimd.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  13  per  cent;  stover,  17  per  cent. 

2  Favoring  the  cross:  Ears,  6  out  of  10;  stalks,  6  out  of  10.  Average  weight  of  ears  per  stalk  produced 
by  the  female  parent,  0.50  pound;  by  the  cross,  0.56  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.79  pound;  by  the  cross,  0.87  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  12  per  cent;  stover,  10  per  cent. 

218 


58  CROSSBREEDING   CORl?. 

Table  XVI. —  Yield  record  of  11  varieties  of  corn  and  their  crossed  progeny  tested  at 

Statesboro,  Ga. — Continued. 

Statiox  Yellow  9  X  Rodgers  White  Dent  c?.i 


Seed 
ear 
No. 


Num- 
ber 
of 
perfect 

hills. 


1 

16 

2 

22 

3 

18 

4 

19 

5 

22 

6 

19 

7 

10 

8 

21 

9 

20 

0 

18 

Kind  of  product. 


/Ears . , 
\Stalks 
lEars., 
tstalks 
JEars . , 
\Stalks 
(Ears., 
\S  talks 
(Ears . , 
\Stalks 
(Ears . , 
\Stalks 
/Ears . , 
tstalks 
(Ears.. 
(Stalks 
(Ears.. 
\Stalks 
(Ears.. 
\Stalks 


Weight  of  product  (pounds). 


Total. 


Origi- 
nal. 


8.25 
13.00 
11.75 
20.00 
11.00 
19.25 
10.00 
16.50 

9.50 
14.00 
11.25 
19.00 

8.75 
15.00 
11.75 
19.25 

8.50 
13.00 

8.50 
13.75 


Cross. 


8.75 
14.00 
15.75 
26.50 
10.50 
19.50 
11.00 
18.25 
13.25 
19.75 
12.25 
19.50 

8.75 
16.00 
13.50 
21.00 
10.75 
17.50 

7.75 
12.25 


Per  stalk. 


Origi- 
nal. 


0.52 

.81 
.53 
.91 
.61 

1.07 
.53 
.87 
.43 
.64 
.59 

1.00 
.55 
.94 
.56 
.92 
.43 
.65 
.47 
.76 


Cross. 


0.55 

.88 
.72 

1.20 
.58 

1.08 
.58 
.96 
.60 
.90 
.64 

1.03 
.55 

1.00 
.04 

1.00 
.54 
.88 
.43 
.68 


Differ- 
ence. 


0.03 
.07 
.19 
.29 

-.03 
.01 
.05 
.09 
.17 
.26 
.05 
.03 
.00 
.06 
.08 
.08 
.11 
.23 

-.04 

-.08 


Per 
cent 

of 
differ- 
ence. 


6> 

8 

34 

33 

—  5 
1 

10 

11 

39 

41 

9 

3 

0 

7 

15 

9 

26 

35 

-  9 
-11 


Number  of  ears 
produced. 


Origi- 
nal. 


17 


24 


20 


23 


22 


26 


10 


21 


20 


20 


Cross. 


17 


24 


19 


19 


26 


21 


16 


21 


21 


19 


TiNDAL  9  X  Marlboro  Prolific  c?-' 


1 

22 

2 

19 

3 

23 

4 

21 

5 

18 

6 

15 

7 

24 

8 

17 

9 

18 

10 

24 

/Ears.... 
\Stalks... 
/Ears.... 
tstalks... 

/Ears 

tstalks... 

/Ears 

tstalks... 

/Ears 

tstalks... 

/Ears 

tstalks... 
/Ears.... 
IStalks... 
/Ears.... 
tstalks... 

/Ears 

tstalks... 

/Ears 

tstalks. . . 


11.75 
17.50 

9.50 
14.50 
12.00 
18.00 
11.00 
17.  75 

9.50 
16.25 

7.50 
12.50 
15.00 
23.  75 

9.00 
14.00 

9.00 
13.  50 
12.  00 
18.00 


12.00 
18.75 

9.50 
14.75 
12.00 
18.75 
12.25 
19.25 

8.25 
13.50 

7.50 
12.00 
11.25 
18.00 

9.75 
15.00 

8.75 
13.50 
12.25 
18.75 


0.53 
.80 
.50 
.76 
.52 
.78 
.52 
.85 
.53 
.90 
.50 
.83 
.63 
.99 
.53 
.82 
.50 
.75 
.50 
.75 


0.55 
.85 
.50 
.78 
.52 
.82 
.58 
.92 
.46 
.75 
.50 
.80 
.47 
.75 
.57 
.88 
.49 
.75 
.51 
.78 


0.02 

.05 

.00 

.02 

.00 

.04 

.06 

.07 

-.07 

-.15 

.00 

-.03 

-.16 

-.24 

.04 

.06 

-.01 

.00 

.01 

.03 


2 

7 

0 

2 

0 

4 

11 

8 

-13 

-17 

0 

-  4 
-25 
-24 

8 
7 

-  3 
0 
2 
4 


30 


27 
33 


30 
'26 


19 
"37' 
'21' 


19 
'33' 


34 
'25 
'32 
'33 
'23 

"ie 

'26 

'2! 

19 

26 


1  Favoring  the  cross:  Ears,  7  out  of  10;  stalks,  9  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0.52  pound;  by  the  cross,  0.59  pound.  Average  weight  of  stover  per  stalk  produced  by 
female  parent,  0.8.5  pound;  by  the  cross,  0.96  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  13  per  cent;  stover,  13  percent. 

2  Favoring  the  cro.s.s:  Ears,  4  out  of  10;  stalks,  C  out  of  10.  .\verage  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0..53  pound;  by  the  cross,  0.51  pound.  .Vverago  weight  of  stover  per  stalk  produced  by 
female  parent,  0.82  pound;  by  the  cross,  O.Sl  povmd.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  —3  per  cent;  stover,  —2  per  cent. 
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Table  XVI. —  Yield  record  of  11   vurieiUs  of  corn  and  their  crossed  progeny  tested  at 

Statesboro,  Ga. — Continued. 

TlNDAL    9    X    RODOERS  WHITE  DENT   cf  •' 


Num- 
ber 
of 
perfect 
hills. 

Kind  of  product. 

Weight  of  product  (pounds). 

Per 
cent 

of 
differ- 
ence. 

Number  of  ears 

Seed 
ear 
No. 

Total. 

Per  stalk. 

produced. 

Origi- 
nal. 

Cross. 

Origi- 
nal. 

Cross. 

Differ- 
ence. 

Origi- 
nal. 

Cross. 

12 
20 
24 
20 
16 
23 
16 
13 
13 
18 

/Ears 

6.00 

9.25 

9.50 
15.75 
10.25 
15.00 

9.75 
15.25 

7.50 
11.75 
11.50 
18.75 

9.25 
14.00 

7.00 
10.50 

6.50 
10.25 
10.00 
14.25 

5.75 

9.25 
10.75 
17.25 
12.25 
19.50 
10.50 
16.00 

8.00 
12.25 
14.00 
21.00 

8.00 
13.00 

7.50 
11.25 

7.75 
10.50 

9.25 
14.75 

0.50 

.77 
.48 
.79 
.43 
.63 
.49 
.76 
.47 
.73 
.50 
.82 
.58 
.88 
.54 
.81 
.50 
.79 
.56 
.79 

0.48 
.77 
..54 
.86 
.51 
.81 
.53 
.80 
.50 
.77 
.61 
.91 
.50 
.81 
.58 
.87 
.60 
.81 
.51 
.82 

-0.02 
.00 
.06 
.07 
.08 
.18 
.04 
.04 
.03 
.04 
.11 
.09 

-  .08 

-  .07 
.04 
.06 
.10 
.02 

-  .05 
.03 

-  4 
0 

13 

10 

20 

30 

8 

5 

7 

4 

22 

12 

-14 

-  7 
7 
7 

19 
2 

-  8 
4 

18 

14 

I 

IStalks 

/Ears 

26 

22 

2 

IS  talks 

(Ears 

29 

28 

3 

IStalks 

/Ears 

26 

22 

4 

IStalks 

/Ears   .                   

17 

18 

5 

IStalks 

(Ears 

27 

32 

6 

IStalks 

(Ears             

22 

16 

7 

IStalks 

(Ears 

14 

13 

8 

IStalks 

(Ears       

15 

14 

9 

IStalks 

(Ears 

25 

22 

10 

IStalks 

Whelchel  ?  X  Marlboro  Prolific  cf-^ 


1 

9 

2 

8 

3 

7 

4 

24 

5 

17 

6 

20 

7 

12 

8 

6 

9 

18 

10 

22 

/Ears.. 
\Stalks. 
(Ears.. 
\Stalks. 
/Ears . . 
\Stalks. 
/Ears.. 
\Stalks 
/Ears . . 
IStalks 
/Ears . . 
\Stalks 
/Ears . , 
\Stalks 
/Ears . , 
\Stalks 
/Ears . , 
\Stalks 
/Ears . , 
IStalks 


4.25 

8.00 

5.00 

8.75 

4.75 

8.25 

15.75 

26.75 

9.75 

16.00 

12.50 

25.00 

9.00 

16.00 

4.50 

8.00 

11.75 

20.75 

15.50 

27.50 


5.25 

9.50 

4.00 

8.25 

4.25 

7.50 

15.75 

27.75 

10.75 

19.00 

14.75 

25.50 

7.75 

13.00 

5.00 

7.75 

14.00 

23.75 

16.50 

27.50 


0.47 
.89 
.63 

1.09 
.68 

1.18 
.66 

1.11 
.57 
.94 
.63 


1. 


0.58 
1.06 

.50 
1.03 

.61 
1.07 

.66 
1.16 

.63 
1.12 

.74 
1.28 

.65 
1.08 

.83 
1.29 

.78 
1.32 

.75 
1.25 


0.11 

.17 

-.13 

-.00 

-.07 

-.11 

.00 

.05 

.06 

.18 

.11 

.03 

-.10 

-.25 

.08 

-.04 

.13 

.17 

.05 

.00 


24 

19 

-20 

-  6 
-10 

-  9 
0 
4 

10 

19 

18 

2 

-14 

-19 

11 

-  3 
19 
14 

6 
0 


9 

9 

9 

10 

8 

7 

26 

29 

17 

17 

21 

26 

12 

12 

7 

9 

19 

23 

22 

29 

1  Favoring  the  cross:  Ears,  7  out  of  10;  stalks,  8  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0.50  pound;  by  the  cross,  0.54  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.77  pound;  by  the  cross,  0.83  poimd.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  7  per  cent;  stover,  7  per  cent. 

*  Favoring  the  cross:  Ears,  6  out  of  10;  stalks,  5  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  O.aS  pound;  by  the  cross,  0.69  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  1 .15  pounds;  by  the  cross,  1.19  pounds.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  6  per  cent;  stover,  3  per  cent. 
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Table  XVL- 


CROSSBREEDING   CORN. 

Yield  record  of  11  varieties  of  corn  and  their  crossed  progeny  tested  at 
iitatesboro,  Ga. — Continued. 

WiLUAMsoN  9  X  Marlboro  Prolific  cf.' 


Num- 

Seed 

ber 

ear 

of 

No. 

perfect 

hUls. 

1 

11 

2 

14 

3 

13 

4 

13 

5 

17  , 

6 

17 

Kind  of  product. 


/Ears . . 
\Stalks 
J  Ears . . 
\Stalks 
I  Ears.. 
\Stalks 
(Ears. . 
\Stalks 
I  Ears.. 
\Stalks 
lEars.. 
IStalks 


Weight  of  product  (pounds). 


Total. 


Origi-     Cross 
nal.       ^™''^- 


4.50 

7.00 

0.50 
11.75 

7.25 
11.75 

6.25 
10.25 

0..50 
10.50 

8.50 
13.00 


5.00 
8.50 
9.00 

13.75 
7.00 

11.50 
6.50 
9.75 

10.00 

17.25 
8.50 

13.00 


Per  stalk. 


Origi- 
nal. 


Cross. 


0.41 
.04 
.40 
.84 
.50 
.90 
.48 
.79 
.38 
.62 
.50 
.76 


0.45 
.77 
.64 
.98 
.54 
.88 
.50 
.  75 
.59 

1.01 
.50 
.76 


Differ- 
ence. 


0.04 
.13 
.18 
.14 

-.02 

-.02 
.02 

-.04 
.21 
.39 
.00 
.00 


Per 
cent 
of 
differ- 
ence. 


11 

21 

3S 

17 

-3 

-2 

4 

-5 

54 

64 

0 

0 


Number  of  ears 
produced. 


Origi- 
nal. 


11 


16 
'i3 


14 

"u 
'is 


AVILLIAMSON    ?    X    EODGERS  WHITE  DENT  cf  .^ 


Cross. 


11 

"is 

'i5 

i5 

ig 

'i? 


1 

18 

2 

22 

3 

18  1 

4 

23; 

5 

14  ! 

6 

16 

7 

6 

S 

8 

9 

15 

0 

15 

1 

J  Ears 8. 50 

\Stalks 15.50 

/Ears 10.  75 

tstalks 18.50 

(Ears 10.50 

\Stalks 16.75 

/Ears 11.50 

\Stalks 20.25 

(Ears 6.75 

\Stalks ■<  11.25 

/Ears 7.00 

IStalks 11.75 

(Ears 3.75 

\Stalks 6.75 

(Ears 4.25 

\Stalks 6.75 

(Ears 7.75 

\Stalks 13.00 

(Ears 7.50 

IStalks 12.00 


9.50 
17.50 
14.75 
25.75 
11.00 
17.50 
14. 50 
26.00 

7.50 
12.50 

9.00 
15.50 

3.25 

5.  .50 
5.00 
8.25 
8.00 

13.00 

6.  75 
12.00 


0.47 
.86 
.49 
.84 
.58 
.93 
.50 
.88 
.48 
.80 
.44 
.73 
.63 

1.13 
.53 
.84 
.52 
.87 
.50 
.80 


0.53 
.97 
.67 

1.17 
.61 
.97 
.63 


1.13 
.54 
.89 
.56 
.97 
.54 
.92 
.63 

1.03 
.53 
.87 
.45 
.80 


0.06 
.11 
.18 
.33 
.03 
.04 
.13 
.25 
.06 
.09 
.12 
.24 
-.09 
-.21 
.10 
.19 
.01 
.00 
-.05 
.00 


12 

13 

37 

39 

5 

4 

26 

28 

11 

11 

29 

32 

-13 

-19 

18 

22 

3 

0 

10 

0 


19 


21 


22 

28 

19 

20 

26 

22 

14 

15 

16 

16 

7 

6 

9 

8 

16 

15 

15 

15 

1  Favoring  the  cross:  Ears,  4  out  of  6;  stalks,  3  out  of  6.  Average  weight  of  ears  per  stalk  produced  bv 
the  female  parent,  0.46  pound;  by  the  cross,  0.54  pound.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.76  poimd;  by  the  cross,  0.87  pound.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  16  percent;  stover,  14  per  cent. 

2  Favoring  the  cro.ss:  Ears,  8  out  of  10;  stalks.  7  out  of  10.  Average  weight  of  ears  per  stalk  produced  by 
the  female  parent,  0..')0  pound;  by  the  cro.ss,  0..58  potmd.  Average  weight  of  stover  per  stalk  produced 
by  female  parent,  0.S5  pound;  by  the  cross,  0.99  poimd.  Increased  yield  of  cross  over  the  female  parent: 
Grain,  14  per  cent;  stover,  16  per  cent. 


In  Table  XVII  a  comparison  of  the  effect  of  crossing  is  made 
between  the  varieties  as  a  whole,  when  crossed  by  Marlboro  Prolific 
and  when  crossed  by  Rodgers  White  Dent.  The  percentage  of 
increase  or  decrease  in  yield  of  the  cross  is  given,  and  also  the  number 
of  rows  out  of  10  in  which  the  production  of  the  crossed  ears  w^as 
greater  tlian  that  of  the  original  2-year-old  seed  of  the  female  parent 
grown  in  the  same  hills  with  the  cross. 
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Table  XVII. — Summary  of  the  10  ears  of  each  variety  tested  with  their  crossed  progeny. 


Marlboro  Prolific  sire. 

Rodgers  White  Dent  sire. 

Female  variety. 

Increase  of  cross 

over  1908  seed  of 

female  parent. 

Rows  favoring 
the  cross. 

Increase  of  cross 

over  1908  seed  of 

female  parent. 

Rows  favoring 
the  cross. 

Ears. 

Stalks. 

Ears. 

Stalks. 

Ears. 

Stalks. 

Ears. 

Stalks. 

Akirich  Perfection 

Percent. 
12 

8 

3 
13 

6 
10 

4 

12 

-  3 

16 

Per  cent. 

-  6 
2 
2 
6 
6 

12 

3 

10 

-  2 
14 

6 
7 
6 

10 
6 
7 
6 
6 
4 

14 

5 
4 
5 
6 
7 

10 
3 
6 
6 

13 

Percent. 
10 

2 

7 
28 

7 

-  8 

13 

13 

7 
14 

Per  cent. 
15 

-  2 
8 

19 
5 

-  9 
17 
13 

7 
16 

7 
7 
7 

10 
6 
3 
7 
7 
7 
8 

9 

Cocke  Prolific 

5 

Marlboro  Prolific 

8 

Mosbv  Prolific 

10 

Native  of  Statesboro 

4 

Rodgers  White  Dent 

3 

Sanders  Prolific                

8 

station  Yellow 

9 

Tindal          

8 

Williamson 

7 

General  results 

7 

4 

6.9 

6.1 

9 

9 

6.9 

7 

1  Only  six  rows  considered. 

Table  XVII  shows  that  when  crossed  with  Marlboro  Prolific  all 
but  one  variety  (Tindal)  gave  a  gain  in  ears,  and  all  but  two  varieties 
gave  a  gain  in  stover.  Wlien  crossed  with  Rodgers  Wliite  Dent  all 
varieties  except  the  sire  variety  itself  gave  a  gain  in  ears,  and  only 
two  gave  a  loss  in  stover. 

SOME    CROSSES   SUPERIOR   TO   EITHER   PARENT. 

Since  the  yields  of  the  crosses  are  compared  only  with  the  female 
parent,  it  might  be  concluded  that  this  general  higher  yield  of  the 
crosses  is  probably  due  to  the  still  greater  productiveness  of  the  male 
parent.  This  conclusion,  however,  is  not  supported  in  the  cases 
where  Marlboro  Prolific  and  Rodgers  Wliite  Dent  serve  as  females 
in  the  experiment.  In  both  instances  the  resulting  cross  produced 
better  than  its  female  parent  and  since  Rodgers  Wliite  Dent  is  more 
productive  than  Marlboro  Prolific,  as  shown  in  Table  XVII,  the 
cross  in  which  Rodgers  Wliite  Dent  served  as  female  must  be  con- 
sidered more  productive  than  either  parent. 

In  Table  XVIII  is  shown  the  average  ranking  of  the  varieties 
according  to  their  productiveness  in  1910  in  the  test  plats  at  States- 
boro, Ga.,  where  each  variety  was  grown  in  the  same  hills  w^ith  its 
crossed  progeny. 

Table  XVIII. — Arrangement  of  varieties  of  corn  in  the  order  of  their  productiveness, 
as  indicated  by  the  average  yield  per  stalk  when  groion  in  hills  with  their  crosses. 


Name  of  variety. 


Sanders  Prolific 

Aldrlch  Perfection. . 
Rodgers  White  Dent 

Tindal 

Marlboro  Prolific 


Ears  per 

Average 

stalk. 

rank. 

Pounds. 

0.535 

1 

.53 

2a 

.53 

26 

.515 

3 

.51 

4a 

Name  of  varietv. 


Ears  per 
stalk. 


Native  of  Statesboro 

Station  Yellow 

Cocke  Prolific 

Williamson 

Mosby  Prolific 


Pounds. 
0.51 
,51 
.49 
.48 
.465 


Average 
rank. 


46 

4c 

5 

6 

7 
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It  will  be  seen  that  seven  varieties  equal  or  excel  Marlboro  Pro- 
lific. Wlien  these  seven  varieties  are  crossed  with  Marlboro  Prolific 
as  sire  six  out  of  the  seven  first-generation  crosses  exceed  the  Marl- 
boro Prolific  in  grain  production,  and  five  in  stover  production. 

It  will  also  be  seen  that  two  varieties  equal  or  excel  Rodgers  White 
Dent.  Wlien  these  two  varieties  are  crossed  with  Rodgers  Wliite 
Dent  as  sire  both  of  the  first-generation  crosses  exceed  the  Rodgers 
White  Dent  in  grain  and  stover  production.  It  will  thus  be  seen 
that  out  of  the  20  crosses  made  8  have  given  grain  yields  greater 
than  the  better  parent,  and  7  have  given  stover  yields  greater  than 
the  better  parent. 

RELATION    OF    THE    PRODUCTIVITY    OF    THE    CROSSES    TO    THE    PRODUCTIVITY    OF    THE 

PURE    STRAINS. 

It  is  a  striking  point  in  connection  with  the  foregoing  table  that 
aU  those  female  varieties  giving  more  productive  crosses  than  either 
parent  are  grouped  at  one  end — the  upper  end — of  the  ranking  list 
for  production  and  with  but  one  break  in  the  rank.  None  fall  below 
fourth  in  production  in  a  total  ranking  of  seven.  With  one  excep- 
tion the  varieties  that  can  not  be  said  to  have  given  advantageous 
crosses  with  either  sire  are  grouped  at  the  other  or  lower  end  of  the 
ranking  list. 

Omitting  Marlboro  Prolific  and  Rodgers  Wliite  Dent,  nine  other 
varieties  are  crossed  by  each  of  these  sires.  In  six  out  of  the  nine 
comparisons  the  crosses  with  Rodgers  Wliite  Dent  are  more  productive 
than  those  mth  Marlboro  Prolific. 

In  view  of  these  points  and  the  fact  that  Rodgers  Wliite  Dent  is 
more  productive  than  Marlboro  Prolific  it  is  found  that  the  pro- 
ductiveness of  both  parents  seems  to  stand  out  clearly  as  a  factor 
in  influencmg  high  yield  in  first-generation  crosses. 

The  Tindal  variety,  however,  is  a  striking  exception  to  this  seem- 
ing tendency.  The  rank  of  this  variety  is  third  in  productiveness, 
but  when  crossed  by  Marlboro  Prolific  its  yield  was  actually  less 
than  its  poorest  producing  parent;  and  when  crossed  by  Rodgers 
White  Dent  the  cross  was  less  productive  than  that  sire. 

Because  of  this  exception,  this  apparent  tendency  can  not  be  relied 
upon  as  a  guide  in  the  selection  of  suitable  varieties  for  practical 
crossing. 

ADAPTATION    AS    A    FACTOR    IN    THE    PRODUCTION    OF    HIGHER    YIELDS    THROUGH 

CROSSING. 

As  the  difference  between  the  lowest  and  the  highest  producers 
is  less  than  5  bushels  per  acre,  it  would  seem  that  it  might  be  ques- 
tionable to  dicuss  this  subject  with  the  data  at  hand.  In  justice 
to  the  subject,  however,  it  should  be  stated  that  the  appearance  of 
the  corn  produced  indicated  more  variabihty  in  adaptation  than  do 
the  weights. 
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It  is  interesting  to  note  in  this  connection  that  the  variety  Mosby 
Prohfic  is  farthest  from  home,  that  it  has  been  carried  to  a  more 
radically  different  soil  than  any  of  the  other  varieties,  and  that  it 
is  ranked  lowest  in  yield  and  failed  to  give  a  practical  cross.  Cocke 
Prolific  is  the  next  farthest  from  home,  ranks  third  from  the  bottom 
of  the  list,  and  was  impractical  for  crossing  with  either  Marlboro 
Prolific  or  Rodgers  White  Dent.  The  Williamson  corn  ranks  next 
to  Mosby  Prolific;  as  it  had  been  given  considerable  selection  at 
home  for  years,  it  is  reasonable  to  suppose  that  its  low  yield  is  due 
to  poor  adaptation. 

It  is  thus  seen  that  three  out  of  the  four  varieties  that  were  imprac- 
tical as  crosses  with  either  of  the  two  sires  were  also  poorly  adapted 
to  the  conditions  at  Statesboro.  The  Tindal  variety  again  stands 
out  as  an  exception. 

INFLUENCE    OF   SEASONAL   DIFFERENCES. 

In  1909,  while  the  crosses  for  this  test  were  being  grown,  a  careful 
comparison  of  the  varieties  was  made.  The  season  was  different 
from  that  of  1910,  and  the  effect  is  clearly  shown  by  the  ranking 
obtained  at  that  time. 


The  ranking  for  1909  was: 

First Tindal. 

Second Station  Yellow. 

Third Native  of  Statesboro. 

Fourth Rodgers  White  Dent. 

Fifth Marlboro  Prolific. 


Sixth Williamson. 

Seventh Mosby  Prolific. 

Eighth Aldrich  Perfection. 

Ninth Cocke  Prolific. 

Tenth Sanders  Prolific. 

Apparently  the  difference  between  the  two  seasons  has  resulted  in 
changing  Sanders  Prolific  from  last  to  first  in  rank  and  Aldrich  Per- 
fection from  eighth  to  second.  The  first  year  less  difference  in  pro- 
duction was  shown  between  the  two  sire  varieties  than  was  shown 
the  second  year.  In  1909  Mosby  Prolific  (poorest  in  1910)  ranked 
better  than  Aldrich  Perfection  (second  in  1910).  Tindal  ranked  high 
both  years. 

The  differences  showai  by  the  two  tests  are  radical,  but  hardly  more 
than  is  frequently  found  in  variety  tests  of  more  than  one  year. 

If,  as  has  been  previously  indicated,  there  is  usually  a  relation 
between  high  yield  and  adaptation  and  the  advantageous  crossing  of 
corn,  then  it  would  seem  that  seasonal  differences  may  play  an 
important  part. 

INFERENCES   DRAWN   FROM   THE    FOREGOING  DATA. 

From  these  tests  it  would  seem  that  the  productivity  of  first- 
generation  crosses  is  usually  correlated  to  the  productivity  of  the 
parent  varieties,  and  the  yield  of  the  parent  varieties  is  largely 
dependent  upon  their  adaptation  to  the  location  and  the  season  during 
which  the  test  is  made. 
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As  seasonal  differences  have  a  marked  effect  upon  the  comparative 
production  of  varieties  the  success  of  a  cross  one  season  may  be  found 
fleeting  if  continued. 

The  fact  that  the  variety  Tindal  in  its  adverse  performance  toward 
crossing  has  rather  emphatically  ignored  all  the  influences  of  rank  and 
adaptation  that  seem  to  govern  other  varieties  may  indicate  that 
advantageous  exceptions  may  also  be  found;  but  whatever  further 
investigation  may  demonstrate,  present  knowledge  indicates  that  the 
economic  increasing  of  corn  yields  by  means  of  crossing  is  attended 
with  many  complexities. 

GENERAL  CONSIDERATION  OF  ALL  THE  TESTS. 
INDICATIONS    OF    INTERMEDIACY. 

As  the  varieties  crossbred  at  the  various  points  are  varieties  that 
have  met  with  general  favor  as  grain  producers,  the  characters  of  the 
male  and  female  parents  of  each  cross  are  not  radically  different,  and 
consequently  any  intermediacy  of  a  cross  is  not  as  apparent  as  it 
might  be  if  the  parents  were  much  unlike.  However,  in  many 
instances  intermediacy  between  the  two  parents  was  observed  regard- 
ing various  characters;  such  as  productiveness,  height  of  stalk,  length 
of  growing  season,  and  percentage  of  moisture. 

Averages  of  many  crosses  usually  indicate  intermediacy,  because 
exceptions  in  one  direction  from  the  median  points  are  offset  by 
exceptions  in  the  other  direction,  but  under  the  conditions  of  these 
and  other  tests  of  this  nature  so  few  instances  have  been  shown  in 
which  the  first-generation  crosses  produced  less  than  the  average  of 
the  two  parents  as  to  indicate  that  the  average  productiveness  of 
first-generation  corn  crosses  is  usually  above  the  average  of  the 
parents.  It  may  be  that  this  indication  ^\^ll  not  be  found  entirely 
due  to  advantages  regarding  adaptation,  age  of  seed,  self-fertilization, 
etc.,  that  most  of  the  reported  tests  ^  have  given  to  the  first-generation 

1  Beal,  W.  J.    Reports,  Michigan  Board  of  Agriculture,  1876,  1877,  1S81,  and  1882. 

Ingersoll,  C.  L.    Seventh  and  Ninth  Annual  Reports  of  Purdue  University,  1881  and  1883. 

Sanborn,  J.  W.  Indian  Com.  Agriculture  of  Maine,  Thirty-third  Annual  Report,  Maine  Board  of  AgrL 
culture,  1889-90. 

Kellerman,  W.  A.,  and  Swingle,  W.  T.  Crossed  Varieties  of  Corn.  Bulletin  17,  Kansas  Agricultural 
Experiment  Station,  1890. 

McCluer,  G.  W.    Com  Crossing.    Bulletin  21,  Illinois  Agricultural  Experiment  Station,  1892. 

Morrow,  G.  E.,  and  Gardner,  F.  D.  Bulletins  25  and  31,  Illinois  .Vgricultural  Experiment  Station,  1893 
and  1S94. 

Webber,  H.  J.,  and  Swingle,  W.  T.  Hybrids  and  their  Utilization  in  riant  Breeding.  Yearbook, 
U.  S.  Dept.  of  Agriculture,  for  1897. 

Vanattor,  Phares  O.    Annual  Report,  ^■i^ginia  Agricultural  Experiment  Station,  1906. 

ShuU,  G.  H.  The  Composition  of  a  Field  of  Com.  Report,  American  Breeders'  Association,  vol.  4, 1908 
Also  A  Pure  Line  Method  in  Com  Breeding.    Report,  same,  vol.  5,  1909. 

East,  E.  M.  The  Distinction  between  Development  and  Heredity  In  Inbreeding.  American  Natu- 
ralist, vol.  43,  No.  507,  1909. 

Collins,  G.  N.  The  Value  of  First-Generation  Hybrids  in  Com.  Bulletin  191,  Bureau  of  Plant  Industry, 
U.  S.  Dept.  of  Agriculture,  19in.  Increased  yields  of  Corn  from  Hybrid  Seed.  Yearbook,  U.  S.  Dept.  of 
Agriculture,  for  1910. 

Hays,  II.  K.,  and  East,  E.  M.  Improvement  in  Corn.  Bulletin  168,  Conneoticut  Agrlcultiiral 
Experiment  Station,  1911. 

218 


GENERAL,   CONSIDERATION    OF    ALT.   THE    TESTS, 


65 


crosses,  and  that  further  work  witli  all  conditions  more  nearly  equalized 
will  demonstrate  a  general  tendency  for  first-generation  crosses  to  pro- 
duce better  than  the  average  of  the  parents.  Such  a  general  tendency 
might  be  due  to  prepotency  of  the  higher  yielding  parent.  It  is  more 
profitable  to  grow  the  higher  yielding  parent  except  in  cases  in  which 
the  first-generation  cross  produces  better  than  either  parent.  Since 
some  first-generation  crosses  are  more  productive  and  some  are  less 
productive  than  their  better  parent,  the  greatest  benefit  can  be 
obtained  by  planting  such  as  may  be  found  more  productive  than 
the  highest  yielding  variety  of  a  community. 

PERCENTAGE    OF    MOISTURE    IN    SHELLED    GRAIN    OF   CROSSES  AND 

PARENT    VARIETIES. 

Because  of  care  in  allowing  the  ears  of  all  varieties  to  dry  thor- 
oughly before  yields  were  weighed  it  has  not  been  necessary  to  calcu- 
late corrections  for  moisture  content  except  in  the  Maryland  tests. 
The  moisture  content  of  shelled  grain  from  a  large  number  of  ears  of 
each  variety  at  each  point  was  determined  by  the  Office  of  Grain  Stand- 
ardization of  the  Bureau  of  Plant  Industry.  Regarding  this  char- 
acter, averages  as  given  in  Table  XIX  show  the  first-generation 
crosses  to  be  intermediate  between  the  parents. 

Table  XIX. — Average  percentage  of  moisture  in  shelled  grain  of  crosses  and  parent 
varieties  on  dates  when  yields  were  weighed. 


Tests. 


Maryland 

California 

Texas 

Georgia 

General  average 


Female 
parents. 


27.29 
10.22 
12. 39 

15.40 


16.33 


Male 
parents. 


28.77 
11.74 
11.45 
15.01 


16.74 


Average 
of  both 
parents. 


28.03 
10.98 
11.92 
15.21 


16.54 


First-gen- 
eration 
crosses. 


28.32 
10.90 
12.13 
15.00 


16.59 


UNRELIABILITY    OF   AVERAGES    FOR    SPECIFIC    INSTANCES. 

With  investigations  of  this  nature  the  investigators  as  well  as  the 
readers  are  desirous  that  the  work  should  discover  some  law  of  nature. 
However,  the  development  and  evolution  of  plants  furnish  so  many 
exceptions  and  variations  to  even  general  laws  that  it  is  impossible 
to  foretell  the  effects  of  crossbreeding  particular  varieties  by  the 
effects  secured  previously  from  crossbreeding  other  varieties.  T^-pes, 
varieties,  strains,  ears,  and  even  kernels  of  corn  contain  in  their 
lineage  such  complexit}^  of  structure  and  characters  that  it  is  not 
surprising  that  this  work,  necessarily  of  a  prehminary  nature,  should 
unfold  more  problems  than  it  solves. 

The  results  are  interesting  because  they  contain  evidence  in  sup- 
port of  various  theories,  but  the  chief  value  of  the  work  is  its  indi- 

218 


66  CROSSBREEDING   CORN. 

cation  of  what  can  be  accomplished  in  the  field  of  research  and  more 
especially  in  estabHsliing  methods  of  producing  high-j-ielding  seed 

corn. 

The  influences  that  show  with  the  greatest  uniformity  in  these 
tests  are  those  of  acchmatization  and  adaptation.  The  results 
given  here  of  these  influences  will  be  combined  in  a  future  publication 
with  results  obtained  in  other  localities  showing  the  effects  on  maize  of 
acclimatization  and  adaptation.  In  studj^ing  the  effects  attributable 
to  crossbreeding  it  is  necessary  to  recognize  the  effects  due  both  to 
acchmatization  and  to  adaptation.  The  distinction  between  the 
effects  of  acclhnatization  and  of  adaptation  is  brought  out  in  the 
tests  of  identically  the  same  lots  of  seed  in  Maryland  and  in  Cali- 
fornia. In  Maryland,  because  of  their  acclimatization  and  adaptation 
some  varieties  produced  much  better  than  others  of  the  same  growing 
period  which  were  brought  from  distant  States.  None  of  these 
varieties  were  acclimated  to  Cahfornia  conditions,  though  some  of 
the  earliest  maturing,  which  were  least  productive  in  Maryland,  were 
most  productive  in  California.  Their  early  maturity  proved  an 
adaptation  which  enabled  them  to  escape  the  later  and  drier  part  of 
the  summer.  In  Texas,  varieties  that  have  been  subjected  for  years 
to  practically  the  same  chmatic  conditions  indicate  different  degrees 
of  adaptation  to  clay  soils  and  to  sandy  soils. 

Tests  of  this  nature  thus  far  reported  indicate  that  first-generation 
crosses  usually  produce  better  than  the  average  of  the  two  parents.  It 
is  not  certain  that  this  is  entirely  due  to  the  advantages  that  these  tests 
have  given  to  the  crosses  regarding  age  and  vitality  of  seed,  or  to  the 
year  of  adaptation  and  selection  incident  to  growing  the  crossbred 
seed  under  the  same  environment  in  which  the  test  of  productiveness 
was  afterwards  made,  but  to  which  the  parent  varieties  were  not 
adapted.  If  further  tests  should  show  that  with  all  conditions 
equalized  there  still  exists  a  tendency  for  first-generation  crosses  to 
produce  betfer  than  the  average  of  the  two  parents,  it  might  be  taken 
as  an  indication  that  the  higher  yielding  parent  is  usually  prepotent. 

A  production  better  than  the  average  of  the  two  parents,  unless 
it  be  better  than  the  production  of  either  parent,  would  furnish  no 
practical  method  of  originating  strains  superior  to  those  already 
existing,  except  in  cases  in  which  the  crossing  might  originate  strains 
that  combine  or  nick  better  than  previously  existing  strains.  When 
all  influencing  factors,  such  as  age  and  maturity  of  seed,  acchmatiza- 
tion, and  adaptation  are  equal,  and  the  first-generation  cross  is  more 
productive  than  either  parent,  it  is  a  clear  instance  in  which  a  prac- 
tical advantage  is  derived  by  crossbreeding. 

Variations  found  to  apply  to  varieties  are  also  found  to  apply  to 
different  ears  within  a  variety  when  they  are  crossbred  and  tested 
separately — in   other   words,    some   ears    arc   crossed   with   another 
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variety  advantageously  and  some  disadvantagcously,  tliough  in 
general  there  is  a  tendency  for  the  difl'erent  ears  of  a  variety  to 
respond  similarly  to  the  crossing.  Another  line  of  work  being  con- 
ducted by  the  Office  of  Corn  Investigations  indicates  that  what  has 
just  been  said  about  the  crossing  of  one  variety  with  another  also 
applies  to  the  crossbreeding  of  individual  plants  within  a  variety. 
Just  as  certain  pairs  of  varieties  combine  or  nick  advantageously, 
while  other  pairs  nick  disadvantagcously,  so  some  pairs  of  individual 
plants  nick  advantageously,  while  other  pairs  nick  disadvantagcously. 
Tliis  shows  the  results  obtained  by  crossing  two  varieties  without 
reference  to  individual  plants  to  be  but  an  average  of  the  results 
that  would  be  obtained  by  crossing  many  individual  plants  of  those 
varieties.  The  average  results  may  be  an  improvement  over  either 
parent  and  still  fall  short  of  what  could  be  obtained  by  restricting 
the  crossing  to  the  individuals  that  nick  most  advantageously. 

In  connection  with  this  consideration  of  crossbreeding,  it  is  inter- 
esting to  note  that  such  varieties  as  Selection  119,  Selection  160,  and 
Chisholm,  wliich  are  among  the  most  profitable  varieties  for  their 
respective  localities,  have  not  been  crossbred  or  mixed  with  other 
varieties  for  liiany  years.  The  same  can  be  said  of  leading  strains  of 
corn  of  other  localities,  and  their  merits  are  doubtless  largely  due  to 
effects  of  selection,  acclimatization,  and  adaptation. 

The  results  of  these  tests  show  that  with  corn  some  first-generation 
crosses  are  more  productive  than  either  parent,  that  some  are  inter- 
mediate between  the  two  parents  in  productiveness,  and  that  some 
are  less  productive  than  either  parent.  They  also  show  that  the 
determination  of  the  particular  first-generation  crosses  that  can  be 
most  profitably  grown  is  attended  with  so  many  complexities  that 
careful  tests  must  be  made  in  a  locality  before  the  farmers  of  that 
locality  can  be  intelUgently  advised  whether  it  is  to  their  interest  to 
continue  planting  a  pure-bred  strain,  or  to  plant  a  first-generation 
cross  of  certain  strains. 

In  crossbreeding  corn  for  practical  results  it  seems  the  duty  of 
State  experiment  stations  and  of  corn  breeders  to  determine  what 
two  varieties  nick  to  best  advantage  in  producing  seed  for  different 
environments.  Whether  the  yearly  production  of  a  particular  first- 
generation  cross  will  be  found  advisable,  or  whether  its  use  in  making 
other  crosses  will  be  found  more  profitable,  must  be  estabhshed 
by  further  work,  and  perhaps  for  each  individual  case.  Progress  in 
producing  higher  yielding  strains  of  corn  depends  upon  the  proper 
combination  and  application  of  the  effects  of  acclimatization,  adapta- 
tion, crossbreeding,  and  selection. 
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LETTIiR  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculttjre, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  April  15,  1911. 
Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
pubhcation  as  Bulletin  No.  219  of  the  series  of  this  Bureau  the  accom- 
panying manuscript,  entitled  "American  Medicinal  Leaves  and 
Herbs."  This  paper  was  prepared  by  Miss  Alice  Henkel,  Assistant 
in  Drug-Plant  Investigations,  and  has  been  submitted  by  the  Physiolo- 
gist in  charge  with  a  view  to  its  publication. 

Thirty-six  plants  furnishing  leaves  and  herbs  for  medicinal  use 
are  fully  described,  and  in  some  instances  brief  descriptions  of  related 
species  are  included  therewith.  Of  the  above  number,  15  are  official 
in  the  United  States  Pharmacopoeia. 

This  bulletin  forms  the  third  installment  on  the  subject  of  American 
medicinal  plants  and  has  been  prepared  to  meet  the  steady  demand 
for  information  of  this  character.  It  is  intended  as  a  guide  and  refer- 
ence book  for  those  who  may  be  interested  in  the  study  or  collection 
of  the  medicinal  plants  of  this  country.  The  first  bulletin  of  this 
series  treats  of  American  root  drugs,  and  the  second  of  American 
medicinal  barks. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief  of  Bureau . 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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AMERICAN  MEDICINAL  LEAVES  AND  HERBS. 


INTRODUCTION. 

Less  difficulty  will  be  encountered  in  the  collection  of  leaves  and 
herbs  than  in  the  case  of  other  portions  of  plants,  for  not  only  is 
recognition  easier,  since,  especially  in  the  matter  of  herbs,  these 
parts  are  usually  gathered  at  a  time  when  the  plants  are  in  flower, 
but  the  labor  is  less  arduous,  for  there  are  no  roots  to  dig  or  barks 
to  peel. 

Of  the  three  dozen  medicmal  plants  mentioned  in  this  bulletin,  15 
are  recognized  as  official  in  the  Eighth  Decennial  Revision  of  the 
United  States  Pharmacopoeia.  This  is  more  than  half  of  all  the 
leaves  and  herbs  included  in  the  Pharmacopoeia. 

Among  the  plants  included  in  this  bulletin  are  peppermint  and 
spearmint,  which  are  found  not  only  in  the  wild  state  but  the  culti- 
vation of  which  for  the  distillation  of  the  oil  constitutes  an  impor- 
tant American  industry.  Especially  is  this  true  of  peppermint? 
thousands  of  acres  being  devoted  to  the  cultivation  of  this  plant, 
prmcipally  in  the  States  of  Michigan  and  New  York.  A  number  of 
other  plants  mentioned  in  this  paper  furnish  usefid  oils,  such  as  oil 
of  wintergreen,  pennyroyal,  fleabane,  tansy,  wormwood,  and  fire- 
weed. 

As  in  the  case  of  other  bulletms  of  this  series,  an  effort  has  been 
made  to  include  in  it  only  such  plants  as  seem  most  in  demand,  lack 
of  space  forbidding  a  consideration  of  others  which  are  or  have  been 
used  to  a  more  limited  extent.  With  two  or  three  exceptions  the 
illustrations  have  been  reproduced  from  photographs  taken  from 
nature  by  Mr.  C.  L.  Lochman. 

COLLECTION  OF  LEAVES  AND  HERBS. 

Leaves  are  usually  collected  when  they  have  attained  full  develop- 
ment and  may  be  obtained  by  cutting  off  the  entire  plant  and  strip- 
ping the  leaves  from  the  stem,  using  a  scythe  to  mow  the  plants 
where  they  occur  in  sufficient  abundance  to  warrant  this,  or  the 
leaves  may  be  picked  from  the  plants  as  they  grow  in  the  field. 
Wlienever  the  plants  are  cut  down  in  quantity  they  must  be  care- 
fully looked  over  afterwards  for  the  purpose  of  sorting  out  such 
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other  plants  as  may  have  been  accidentally  cut  with  them.  Stems 
should  be  discarded  as  much  as  possible,  and  where  a  leaf  is  composed 
of  several  leaflets  these  are  usually  detached  from  the  stems. 

In  gathermg  herbs  only  the  flowering  tops  and  leaves  and  the 
more  tender  stems  should  be  taken,  the  coarse  and  large  stems  bemg 
rejected.  All  withered,  diseased,  or  discolored  portions  should  be 
removed  from  both  leaves  and  herbs. 

In  order  that  they  may  retain  their  bright-green  color  and  char- 
acteristic odor  after  drying,  leaves  and  herbs  must  be  carefully  dried 
in  the  shade,  allowing  the  air  to  circulate  freely  but  keeping  out  all 
moisture;  dampness  will  darken  them,  and  they  must  therefore  be 
placed  under  cover  at  night  or  in  rainy  weather.  A  bright  color  is 
desirable,  as  such  a  product  wiU  sefl  more  readily. 

To  dry  them  the  leaves  and  herbs  should  be  spread  out  thinly  on 
clean  racks  or  shelves  and  turned  frequently  until  thoroughly  dry. 
They  readily  absorb  moisture  and  when  perfectly  cured  should  be 
stored  in  a  dry  place. 

Leaves  and  herbs  generally  become  very  brittle  when  they  are  dry 
and  must  be  very  .carefully  packed  to  cause  as  little  crushing  as  pos- 
sible. They  should  be  firmly  packed  in  sound  burlap  or  gunny  sacks 
or  in  dry,  clean  boxes  or  barrels.  Before  shipping  the  goods,  how^ever, 
good-sized  representative  samples  of  the  leaves  and  herbs  to  be  dis- 
posed of  should  be  sent  to  drug  dealers  for  their  inspection,  together 
with  a  letter  stating  how  large  a  quantity  the  coUector  has  to  sell. 

With  the  changes  in  prices  that  are  constantly  taking  place  in  the 
drug  market  it  is,  of  course,  impossible  to  give  definite  prices 'in  this 
paper,  and  only  approximate  quotations  are  therefore  included  in 
order  that  the  collector  may  form  some  idea  concerning  the  possible 
range  of  prices.  Only  through  correspondence  with  drug  dealers  can 
the  actual  price  then  prevailing  be  ascertained. 

PLANTS    FURNISHING   MEDICINAL   LEAVES    AND   HERBS. 

Each  section  contains  synonyms,  the  pharmacopoeial  name  (if  any), 
the  common  names,  habitat,  range,  descriptions,  and  information 
concerning  the  collection,  prices,  and  uses  of  the  plants. 

The  medicinal  uses  are  referred  to  in  a  general  way  only,  since  it  is 
not  within  the  province  of  a  publication  of  this  kind  to  give  detailed 
information  in  regard  to  such  mattei-s.  Advice  concerning  tlie  proper 
remedies  to  use  should  be  sought  only  from  physicians.  The  state- 
ments made  in  this  paper  as  to  medicinal  uses  are  based  on  informa- 
tion contained  in  various  dispensatories  and  other  works  relating  to 
materia  medica. 
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SWEET    FERN. 

Comptonia  peregrina  (L.)  Coullor. 

Synonyms.— rComptonia  as plenifolia  Gaertn.;     Myrira  itsplenifoUa  L.;    Liquidambor 
asplenifolia  L.;  Liquidamhar  peregrina  L. 

Other  common  names. — Kern  gale,  fern  bush,  meadow  fern,  shrubby  fern,  Canada 
tivveet  gale,  spleenwort  bush,  sweet  bush,  sweet  ferry. 

Habitat  and  range. — Sweet  fern  is  usually  found  on  hillsides,  in  dry  soil,  in  Canada 
and  the  northeastern  United  States.     It  is  indigenous. 

Description. — The  fragrant  odor  and  the  resemblance  of  the  leaves  of  this  plant  to 
those  of  a  fern  have  given 
rise  to  the  common  name 
"sweet  fern."  It  is  a 
shrub  with  reddish-brown 
bark,  growing  from  about 
1  to  3  feet  in  height,  with 
slender,  erect  or  spread- 
ing branches,  the  leaves 
hairy  when  young.  The 
thin  narrow  leaves  are 
borne  on  short  stalks  and 
are  linear  oblong  or  linear 
lance  shaped,  about  3  to 
(5  inches  long  and  from 
one-fourth  to  half  an  inch 
wide,  deeply  divided  into 
many  lobes,  the  margins 
of  which  are  generally  en- 
tire or  sparingly  toothed. 
The  catkins  expand  with 
the  leaves.     (Fig.  1.) 

The  staminate  or  male 
ilowers  are  produced  in 
cylindrical  catkins  in 
clusters  at  the  ends  of  the 
branches  and  are  about 
an  inch  in  length,  the 
kidney-shaped  scales 
overlapping.  The  pistil- 
late or  female  flowers  are 
borne  in  egg-shaped  or 
roundish-oval  catkins,  the 
eight  awl-shaped  bractlets 
persisting  and  surround- 
ing the  one-seeded,  shining,  light-brown  nut,  giving  it  a  burlike  appearance.  The 
whole  plant  has  a  spicy,  aromatic  odor,  which  is  more  pronounced  when  the  leaves 
are  bruised.     Sweet  fern  belongs  to  the  bayberry  family  (Myricacea^). 

Collection,  prices,  and  uses. — The  entire  plant  is  used,  but  especially  the  leavc,-^  and 
tops.  It  has  a  fragrant,  spicy  odor  and  an  aromatic,  slightly  bitter,  and  astringent 
taste. 

The  present  price  of  sweet  fern  is  about  3  to  5  cents  a  pound. 

It  is  used  for  its  tonic  and  astringent  properties,  jirincipallj  in  a  domestic  way,  as 
a  remedy  in  diarrheal  complaints. 

97225°— Bui.  219—11 2 


Fig.  1. 


-Sweet  fern  (Comptonia  peregrina),  leaves,  male  and  female 
catkins. 
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AMERICAN    MEDICINAL  LEAVES   AND    HERBS. 


LIVERLEAF. 


(1)  Jfepatica  hepatica  (!>.)  Karst.;  (2)  TTepatica  acuta  (Pursh)  Britton. 

Synonyms. — (1)  Hepatica  triloba  Chaix.;  Anemone  hepatica  h.  (2)  Hepatica  triloba 
var.  acuta  Pursli:  Ilepatica  acuiiloba  DC. 

Other  common  names. — (1)  Round-leaved  hepatica,  common  liverleaf,  kidney  liver- 
leaf,  liverwort  (incorrect"),  noble  liverwort,  heart  liverwort,  three-leaved  liverwort, 
liverweed,  herb-trinity,  golden  trefoil,  ivy  flower,  mouse-ears,  squirrel  cup;  (2)  heart 
liverleaf,  acute-lobed  liverleaf,  sharp-lobed  liverleaf,  sharp-lobed  hepatica. 

Habitat  and  range. — The  common  liverleaf  is  found  in  woods  from  Nova  Scotia  to 
northern  Florida  and  west  to  Iowa  and  Missouri,  while  the  heart  liverleaf  occurs  from 

Quebec  to  Ontario,  south 
to  Georgia  (but  rare  near 
the  coast),  and  west  to 
Iowa  and  Minnesota. 

Description. — The  hepat- 
icas  are  among  the  earliest 
of  oTir  spring  flowers,  blos- 
soming about  March,  and 
frequently  before  that 
time.  They  grow  only 
about  4  to  6  inches  in 
height,  with  leaves  pro- 
duced from  the  roots  on 
long  soft-hairy  stalks  and 
spreading  on  the  ground. 
The  thick  and  leathery 
evergreen  leaves  are  kid- 
ney shaped  or  roundish 
and  deeply  divided  into 
three  oval,  l)lunt  lobes;  the 
young  leaves  are  pale  green 
and  soft  hairy,  but  the 
older  ones  become  leathery 
and  smooth,  expanding 
when  mature  to  almost  3 
inches  across;  they  are  dark 
green  above,  sometimes 
with  a  purplish  tinge,  and 
also  of  a  purplish  color  on  the  under  surface.  The  flowers,  which  are  about  one-half 
inch  in  diameter,  are  borne  singly  on  slender,  hairy  stalks  arising  from  the  root,  and 
vary  in  color  from  bluish  to  purple  or  white.  Immediately  beneath  the  flower  are 
three  small,  stemless,  oval,  and  blunt  leaflets  or  bracts,  which  are  thickly  covered 
with  soft,  silky  hairs.     (Fig.  2.) 

The  heart  liverleaf  is  very  similar  to  the  common  liverleaf.  It  grows  perhaps  a 
trifle  taller  and  the  lobes  of  the  leaf  and  the  small  leaflets  or  bracts  immediately 
under  the  flower  are  more  sharply  pointed. 

The  hepaticas  are  members  of  the  crowfoot  family  (Ranunculacese)  and  are 
perennials.  The  name  "liverwort,"  often  given  to  these  plants,  is  incorrect, 
since  it  belongs  to  an  entirely  different  genus. 

Collection,  prices,  and  uses. — The  leaves,  which  were  official  in  the  United  States 
Pharmacopoeia  from  1830  to  1880,  are  the  parts  employed;  they  should  be  collected 
219 


Fig.  2. — Liverleaf  (^fpgtico  hepatica),  flowering  plant. 
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in  April.     They  lowt;  about  three-fourths  of  their  \vei<^ht  in  dryiuf^.     The  price  at 
j)renent  paid  for  them  is  al)out  4  to  5  cents  a  pound. 

Liverleaf  is  employed  for  its  tonic  properties  and  is  said  lo  he  useful  in  affections 
of  the  liver. 

CELANDINE, 

Chelidonium  run  jus  l>. 

Other  common  names. — Chelidonium,  garden  celandine,  greater  celandine,  tetter- 
wort,  kilhvart,  wart   flower,  wartweed,  wartwort,    felonwort,  cockfoot.    devil's-milk, 
Jacob's    ladder,    swallow- 
wort,  wretweed. 

Habitat  and  range. — Cel- 
andine, naturalized  from 
Europe,  is  found  in  rich 
damp  soil  along  fences  and 
roadsides  near  towns  from 
Maine  toOntarioandsouth- 
ward  It  is  common  from 
southern  Maine  to  Penn- 
sylvania. 

Description. — This  plant, 
which  has  rather  weak, 
brittle  stems  arising  from 
a  reddish-brown,  branch- 
ing root,  is  a  biennial  be- 
longing to  the  poppy  fam- 
ily (Papaveraceae)  and, 
like  other  members  of  this 
family,  contains  an  acrid 
juice,  which  in  this  species 
is  colored  yellow.  It  is 
an  erect,  branched,  spar- 
ingly hairy  herb,  from 
about  1  to  2  feet  in  height 
with  thin  leaves  4  to  8 
inches  in  length.  The 
leaves,  which  are  lyre 
shaped  in  outline,  are 
deeply  and  variously  cleft, 
the  lobes  thus  formed  be- 


FlG. 


-Celandine  (Chelidonium   majus),  leaves,  flowers,  and  seed 
pods. 


ing  oval,  blunt,  and  wavy  or  round  toothed,  or  rather  deeply  cut.  They  have  a 
grayish-green  appearance,  especially  on  the  lower  surface.  The  small,  4-petaled, 
sulphur-yellow  flowers  of  the  celandine  are  produced  from  about  April  to  Septem- 
ber, followed  by  smooth,  long,  pod-shaped  capsules  crowned  with  the  persistent  style 
and  stigma  and  containing  numerous  seeds.     (Fig.  3.) 

Collection,  prices,  and  uses. — The  entire  plant,  which  was  official  in  the  United  States 
Pharmacopoeia  for  1890,  is  used.  It  should  be  collected  when  the  herb  is  in  flower. 
At  present  it  brings  about  6  or  8  cents  a  pound. 

The  fresh  plant  has  an  impleasiant,  acrid  odor  when  bruised,  but  in  the  dried  state 
it  is  odorless.     It  has  a  persistent  acrid  and  somewhat  salty  taste. 

Celandine  is  an  old  remedy.     It  has  cathartic  and  diuretic  properties,  promotes 
perspiration,  and  has  been  used  as  an  expectorant.     The  juice  has  been  employed 
externally  for  warts,  corns,  and  some  forms  of  skin  diseases. 
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AMEEICAN    MEDICINAL   LEAVES    AND    HEKBS. 


WITCH-HAZEL. 


Hamamelis  virginiana  L. 

Phannacnpoeml  name. — Hamamolidis  folia. 

Other  common  names. — Snapping  hazel,  winterbloom,  wych-hazel,   striped  alder, 
spotted  alder,  tobacco  wood. 

Habitat  and  range. — The  home  of  this  native  shrub  is  in  low  damp  woods  from  New 
Bruns\\'ick  to  Minnesota  and  south  to  Florida  and  Texas. 

Description. — This  shrub,  while  it  may  grow  to  25  feet  in  height,  is  more  frequently 
found  reaching  a  height  of  only  8  to  15  feet,  its  crooked  stem  and  long  forking  branches 

covered  with  smoothish  brown  bark 
sometimes  with  an  addition  of  lichens. 
A  peculiar  feature  about  %\-itch-hazel  is  its 
flowering  in  very  late  fall  or  even  early 
winter,  when  its  branches  are  destitute 
of  leaves,  the  seed  forming  but  not  ripen- 
ing until  the  following  season. 

The  leaves  are  rather  large,  3  to  5 
inches  long,  thick,  and  borne  on  short 
stalks;  they  are  broadly  oval  or  heart- 
shaped  oval,  sometimes  pointed  and 
sometimes  blunt  at  the  apex,  with  un- 
even sides  at  the  base,  and  wavy  margins. 
The  older  leaves  are  smooth,  but  when 
young  they  are  covered  with  downy  hairs. 
The  upper  surface  of  the  leaves  is  a  light- 
green  or  bro\vnish-green  color,  while  the 
lower  surface  is  pale  green  and  somewhat 
shining,  with  prominent  veins.  The 
threadlike  bright-yellow  flowers,  which 
appear  very  late  in  autumn,  are  rather 
odd  looking  and  consist  of  a  4-parted 
corolla  with  four  long,  narrow,  strap- 
shaped  petals,  which  are  twisted  in  vari- 
ous ways  when  in  full  flower.  The  seed  capsule  does  not  mature  until  the  follo\\-ing  sea- 
eon,  when  the  beaked  and  densely  hairy  seed  case  bursts  open  elasticall  y ,  scattering  with 
great  force  and  to  a  considerable  distance  the  large,  shining-black,  hard  seeds.  (Fig. 
4.)  This  interesting  shrub  is  a  member  of  the  witch-hazel  family  (Hamamelidacete). 
Collection,  prices,  and  t/sfs.— Witch-hazel  leaves  are  official  in  the  United  States 
Pharmacopoeia.  They  should  be  collected  in  autumn  and  c'arefully  dried.  Formeriy 
the  leaves  alone  were  recognized  in  the  United  States  Pharmacopoeia,  but  now  the 
bark  and  twigs  are  also  official.  The  leaves  have  a  faint  odor  and  an  astringent,  some- 
what l)itt('r,  and  aromatic  taste.     They  bring  about  2  to  3  cents  a  pound. 

The  soothing  projjerlies  of  witch-liazel  were  known  among  the  Indians,  and  it  is  still 
employed  for  the  relief  of  inflammatory  conditions. 
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Fig.  4.- 


-Witch-hazel( //a  ;nom(7/4i;r(/jnmn«),  leaves, 
flowers,  and  capsules. 
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AMERICAN    SENNA. 

Cassia  marilandica  Ij. 

Synonym. — Senna  vfiarilandica  Link. 

Other  common  names. — Wild  soiina,  locust  plant. 

Habitat  and  range. — American  senna  generally  frequents  wet  or  swampy  soils  from 
New  England  to  North  Carolina  and  westward  to  Louisiana  and  Nebraska. 

Description. — This  is  a  native  species,  a  member  of  the  senna  family  (Caesalpini- 
acese),  which  is  closely  related  to  the  pea  family.  It  is  a  perennial  herb,  its  round 
grooved  stems  reaching  about  4  to  6  feet  in  hei,<i;ht.  The  leaves,  which  are  borne  on 
long,  somewhat  bristly 
hairy  stalks,  are  6  to  8 
inches  long  and  consist  of 
from  12  to  20  leaflets  placed 
opposite  to  each  other  on 
the  stem.  Each  leaflet  is 
oblong  or  lance-shaped  ob- 
long, blunt  at  the  top  but 
terminating  with  a  short, 
stiff  point,  rounded  at  the 
base  and  from  1  to  1-^  inches 
long,  the  stalks  supporting 
them  being  rather  short; 
the  upper  surface  is  of  a 
pale-green  color,  while  un- 
derneath it  is  still  lighter 
in  color  and  covered  with 
a  bloom.  On  the  upper 
surface  of  the  leaf  stem, 
near  its  base,  is  a  promi- 
nent club-shaped  gland, 
borne  on  a  stalk. 

The  numerous  yellow 
flowers  are  borne  on  slen- 
der, hairy  stems,  produced 
in  clusters  in  the  axils  of 
the  leaves  at  the  top  of  the 
plant  and  appearing  from 
about  August  to  Septem- 
ber. The  pods  are  about 
3  inches  in  length,  linear, 
somewhat  curved  and  drooping,  slightly  hairy  at  first,  flat,  and  narrowed  on  the  sides 
between  the  seeds.     They  contain  numerous  small,  flat,  dark-brown  seeds.     (Fig.  5.) 

Collection,  prices,  and  uses. — The  leaves,  or  rather  the  leaflets,  are  the  parts  employed 
and  should  be  gathered  at  flowering  time,  which  usually  occurs  during  July 
and  August.  They  were  official  in  the  United  States  Pharmacopoeia  from  1820 
to  1880.  American  senna  leaves  have  a  very  slight  odor  and  a  rather  disagreeable 
taste,  somewhat  like  that  of  the  foreign  senna.  It  is  used  for  purposes  similar  to  the 
well-known  senna  of  commerce  imported  from  abroad,  having,  like  that,  cathartic 
properties. 

The  price  at  present  paid  for  American  senna  is  about  6  to  8  cents  a  pound. 
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Fig.  5.- 


-American  senna  (Cas.'fia  marilandica),  leaves,  flowers,  and 
seed  pods. 
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EVENING   PRIMROSE. 
Oenothera  biennis  L. 


Oenothera  muricata  L. 

primrose,  wild  evening  primrose,  field 
plant, 


nisht  willnw-herh,   king's  cure-all,* 


Synonyms. — Onagra  biennis  (L.)  Scop. 
Other  common  names. — Common 
evening  primrose,  tree  primrose,  fever 
large  rampion,  scurvish,  scabish. 

Habitat  and  range.— This  is  a  widely  distributed  herb,  its  range  extending  from 
Labrador  south  to  Florida  and  west  to  the  Rocky  Mountains.     It  usually  frequents 

fields  and  waste  places,  oc- 
curring in  dry  soil. 

Description. — The   even- 
ing primrose  is  a  coarse  an- 
nual    or    biennial    weed, 
which  has  the  peculiarity 
that  its  flowers  do  not  open 
until    evening,    remaining 
open  all  night  and  closing 
the  next  morning,  but  not 
expanding  again.    It  is  gen- 
erally stout  and  erect  in 
growth,  from  1  foot  to  about 
5  feet  in  height,  simple  or 
branched,     usually    hairy 
and  leafy.     The  leaves  are 
1  to  6  inches  in  length,  lance 
shaped  and  sharp  pointed 
at    the    top,    with    wavy 
toothed  margins  narrowing 
toward  the  base.     With  the 
exception  of  some  of  the 
leaves  near  the  base,  most 
of  them  are  stemless.     The 
spikes  of  fragrant  sulphur- 
yellow  flowers  are  produced 
from  about  June  to  October 
and,  as  already  stated  and 
as  indicated  by  the  name 
"evening"  primrose,  they 
are  open  late  in  the  evening 
and  during  the  night.   They 
are  borne  at  the  end  of  the 
stem  and  are  interspersed 
with   leafy   bracts.     Each 
flower  has  four  spreading 
petals  and  measures  about  1  to  2  inches  across.     The  seed  capsules  are  oblong  and 
hairy,  about  an  inch  in  length,  and  narrowed  at  the  top.     (Fig.  6.)    This  plant  belongs 
to  the  evening  primrose  family  (Onagracese). 

Collection,  prices,  and  uses.— The  entire  plant  is  used.  It  is  collected  about  flower- 
ing time,  bringing  about  5  cents  a  pound.  The  herb  has  a  somewhat  astringent  and 
mucilaginous  taste,  but  no  odor.  It  has  been  used  for  coughs  and  asthmatic  troubles, 
and  an  ointment  made  therefrom  has  been  employed  as  an  application  in  skin 
affections. 


Fig.  (i.- 


-Evening  primrose  {Oenothera  biennis),  leaves,  flowers,  and 
capsules. 
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YERBA    SANTA. 

Eriodictyon  califomicum  (H.  and  A.)  Greene. 

Pharmacopoeial  name. — Eriodictyon. 

Synonym. — Eriodictyon  gliitinosum  Benth. 

Other  common  names. — Mountain  balm,  consumptive's  weed,'  bear's-weed,  gum 
plant,  tarweed. 

Description. — This  evergreen  shrub,  a  member  of  the  watorleaf  family  (Hydro- 
phyllacese),  reaches  a 
height  of  from  3  to  4  feet, 
bearing  glutinous  leaves. 
The  stem  is  smooth,  but  ex- 
udes a  gummy  substance. 
The  dark -green  leaves  are 
from  3  to  4  inches  in  length, 
placed  alternately  on  the 
stem,  oblong  or  oval  lance 
shaped,  leathery,  narrow- 
ing gradually  into  a  short 
stalk,  and  with  margins 
generally  toothed,  except 
perhaps  at  the  base:  the 
upper  surface  is  smooth, 
with  depressed  veins,  the 
prominent  veins  on  the 
under  surface  forming  a 
strong  network  and  the 
spaces  between  the  veins 
covered  with  short  felty 
hairs,  giving  it  a  white  ap- 
pearance. The  leaves  are 
coated  with  a  resinous  sub- 
stance, making  them  ap- 
pear as  if  varnished.  The 
rather  showy  whitish  or 
pale-blue  flowers  are  borne 
in  clusters  at  the  top  of  the 
plant,  the  tubular,  funnel- 
shaped  corolla  mieasuring 
about  half  an  inch  in  length 
and  haA-ing  five  spreading 
lobes.  (Fig.  7.)  The  seed 
capsule  is  oval,  grayish 
brown,  and  contains  small, 
reddish-brown,  shriveled 
seeds. 

Collection,  prices,  and  uses. — The  leaves  are  the  parts  collected  for  medicinal  use  and 
are  official  in  the  United  States  Pharmacopoeia.  The  price  paid  for  them  is  about  5 
cents  a  pound.  Yerba  santa  has  expectorant  properties  and  is  employed  for  throat 
and  bronchial  affections.  It  is  also  used  as  a  bitter  tonic.  The  odor  is  aromatic  and 
the  taste  balsamic  and  sweetish. 
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FiCr.  7.— Yerba  santa  (Eriodictyon  califomicum),  loaves  and  flowers. 


'  A  popular  but  misleadine;  name. 
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AMERICAN    MEDICINAL  LEAVES   AND    HERBS. 


PIPSISSEWA. 

Chimnphila  umbellata  (L.)  Niitt. 

Pharmacopoeial  name. — Chimaphila . 

Synonyms. — PyroJa  umbellata  L.;    Chimaphila  corymbosa  Pursh. 

()th<'r  common  nanies. — Prince's  pine,  pyrola,  rheumatism  weed,  hitler  wiutergreen, 
groiind  holly,  king's  cure,  love-in-winter,  noble  pine,  pine  tulip. 

Habitat  and  range. — Pipsissewa  is  a  native  of  this  country,  growing  in  dry,  shady 

woods,  especially  in  pine 
forests,  and  its  range  ex- 
tends from  Nova  Scotia  to 
British  Columbia,  south  to 
Georgia,  Mexico,  and  Cali- 
fornia. It  also  occurs  in 
Europe  and  Asia. 

Description. — This  small 
perennial  herb,  a  foot  or  less 
in  height,  has  a  long,  run- 
ning, partly  underground 
stem.  It  belongs  to  the 
heath  family  (Ericaceis) 
and  has  shining  evergreen 
leaves  of  a  somewhat  leath- 
ery texture  placed  in  a  cir- 
cle around  the  stem,  usually 
near  the  top  or  scattered 
along  it.  They  are  dark 
green,  broader  at  the  top, 
with  a  sharp  or  blunt  apex, 
narrowing  toward  the  base 
and  with  margins  sharply 
toothed;  they  are  from 
about  1  to  2  inches  long  and 
about  three-eighths  to  a 
lit  tie  more  than  half  an  inch 
wide  at  the  broadest  part. 
From  about  June  to  August 
the  pipsissewa  may  be 
found  in  flower,  its  pretty 
waxy-white  or  ))inkish  fra- 


FiG.  8.— i'ii)sisse\va  (B)  and  spotted  wiiiteri^reeii  {A)  (Chimaphila 
umbellata  and   C.  maculala),  flowrrins  and  fruiting  plants. 


grant  flowers,  consisting  of  five  rounded,  concave  petals,  each  one  with  a  dark-pink 
spot  at  the  base,  nodding  in  clusters  from  the  top  of  the  erect  stem.  The  brown 
capsules  contain  numerous  very  small  seeds.     (Fig.  8.) 

Collection,  prices,  and  uses. — Although  the  United  States  Pharmacopoeia  directs 
that  the  leaves  be  used,  the  entire  i)lant  is  frecjuently  employed,  as  all  parts  of  it  are 
active.  Pipsissewa  leaves  have  no  odor,  but  a  bitter,  astringent  taste.  They  bring 
about  4  cents  a  ])ound.  Pipsissewa  has  slightly  tonic,  astringent,  and  diuretic  prop- 
erties and  is  sometimes  employed  in  rheumatic  and  kidney  affections.  Externally 
it  has  been  applied  to  ulcers.  ,'.'.• 

Another  species. — The  leaves  of  the  spotted  wintergreen  (C/imap/aVa  maculata  Pursh) 
were  ofTicial  in  the  Pharmacopa'ia  of  the  United  States  from  1830  to  1840.  These  may 
be  distingui.shod  from  the  leaves  of  ('.  umbellata  (pii)sissewa)  by  their  olive-green 
color  marked  with  white  along  the  midrib  and  veins.  They  are  lance  shaped  in  out- 
line and  are  broadest  at  the  base  instead  of  at  the  top  as  in  C.  umbellata. 
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MOUNTAIX    LAUREL. 


Kalmia  latifoUa  L. 

Otlicr  common  navies. — Broad-leaved  laurel,  broad-leaved  kalmia,  American  huiiol, 
sheep   laurel,  rose  laurel,  spurge   laurel,  suiall  laurel,   wood  laurel,  kalmia,  calico 
bush,   sjjoouwood,   s])oou- 
hiuit,  ivy  bush,  big-leaved 
ivy,  wdcky,  calmoun. 

Habitat  and  range. — The 
mountain  laurel  is  found 
in  sandy  or  rocky  soil  in 
woods  from  New  Bruns- 
wick south  to  Ohio,  Flor- 
ida, and  Louisiana. 

Description. — This  is  an 
evergreen  shrub  fromabout 
4  to  20  feet  in  height,  with 
leathery  leaA-es,  and  when 
in  flower  it  is  one  of  the 
most  beautiful  and  showy 
of  our  native  plants.  It 
has  very  stiff  branches  and 
leathery  oval  or  elliptical 
leaves  borne  on  stems, 
mostly  alternate,  pointed 
at  both  ends,  with  margins 
entire,  smooth  and  bright 
green  on  both  sides,  and 
having  terminal,  clammy- 
hairy  clusters  of  flowers, 
which  appear  from  about 
May  to  June.  The  buds 
are  rather  oddly  shaped 
and  fluted,  at  first  of  a 
deep  rose  color,  expanding  ^lo-  9.— Mountain  laurel  {Kalmia  lafifolia).\e^\es  and  flowers, 

into  saucer-shaped,. more  delicately  tinted,  whitish-pink  flowers.  Each  saucer-shaped 
flower  is  provided  with  10  pockets  holding  the  anthers  of  the  stamens,  but  from 
which  these  free  themselves  elastically  when  the  flower  is  fully  exj^anded.  (Fig.  9.) 
The  seed  capsule  is  somewhat  globular,  the  calyx  and  threadlike  style  remaining 
attached  until  the  capsules  open.  Mountain  laurel,  which  belongs  to  the  heath  family 
( Ei'icaceaO,  is  poisonous  to  sheep  and  calves. 

Collection,  prices,  and  uses. — The  leaves,  which  bring  about  3  to  4  cents  a  pound, 
are  collected  in  the  fall.     They  are  used  for  their  astringent  properties, 
97225°— Bui.  219—11 3 
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GRAVEL    PLANT. 


Epigaea  repens  L. 

Other  common  names. — Trailins^    urbulus.   Mayflower,   shad-flower,  ground  laurel, 
mountain  pink,  winter  pink. 

Habitat  and  range. — This  shrubby  little  plant,  spreads  out  on  the  ground  in  sandy 

soil,  being  found  especially 
under  evergreen  trees  from 
Florida  to  Michigan  and 
northward. 

Description. — The  gravel 
plant  is  one  of  our  early 
spring  flowers,  and  under 
its  more  popular  name 
"trailing  arbutus"  it  is 
greatly  prized  on  account 
of  its  delicate  shell-pink, 
waxy  blossoms  with  their 
faint  yet  spicy  fragrance. 
Gra^■el  plant  is  the  name 
that  is  generally  applied 
to  it  in  the  drug  trade.  It 
spreads  on  the  ground  with. 
stems  6  inches  or  more  in 
length  and  has  rust-colored 
hairy  twigs  bearing  ever- 
green leaves.  The  leaves 
are  green  above  and  below, 
thick  and  leathery,  oval  or 
roundish,  sometimes  with 
the  top  pointed,  blunt,  or 
having  a  short  stiff  point 
and  a  rounded  or  heart- 
shaped  base.  The  mar- 
sins  are  unbroken  and  the 


Fig.  10.— Gravel  plant  (Epigaea  repens),  leave.s  and  flowers. 


upper  surface  is  smooth,  while  the  lower  surface  is  somewhat  hairy.  The  leaves 
measure  from  1  to  3  inches  in  length  and  are  about  half  as  wide,  the  hairy  stalks  sup- 
porting them  ranging  from  one-fourth  of  an  inch  to  2  inches  in  length.  Early  in  the 
year,  from  about  March  to  May,  the  flower  clusters  appear.  These  are  borne  in  the 
axils  of  the  leaves  and  at  the  ends  of  the  branches  and  consist  of  several  waxy, 
pinkish-white,  fragrant  flowers  with  saucer-shaped,  5-lobed  corolla,  the  throat  of  the 
corolla  tube  being  very  densely  hairy  within.  (Fig.  10.)  The  seed  capsule  is  some- 
what roundish,  flattened,  five  celled,  and  conti\ins  numerous  seeds.  The  gravel  plant 
belongs  to  the  heath  family  (Ericaceae)  and  is  a  perennial. 

Collection,  prices,  and  uses. — The  leaves  are  collected  at  flowering  time  and  are 
worth  about  3  or  4  cents  a  pound.     Tliey  have  a  bitter,  astringont  taste  and  are  said 
to  possess  astringent  and  diuretic  properties. 
219 
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WINTERGREEN. 


Gaultheria  procumbens  L 


Other  common  names. — (laiiltheria,  spring  wintergreen,  creeping  wintergrecn, 
aromatic  Avintergreen,  spicy  wintergreen,  checkerberry,  teaberry,  partridge  berry, 
grouseberry,  t<i)icebcrry,  chickenberry,  deerberry^  groundberry,  hillberry,  ivyberry, 
boxberry,  red  berry  tea,  ( "a- 
nadian  tea,  mountain  tea, 
ivory  plum ,  chinks,  drunk- 
ards, red  pollom,  rapper 
dandies,  wax  cluster. 

Ha  hita  t  a  n  d  ra  ii  ge. — This 
small  native  perennial  fre- 
quents sandy  soils  in  cool 
damp  woods,  occumng  es- 
pecially under  evergreen 
trees  in  Canada  and  the 
northeastern  United 
States. 

Description. — AVinter- 
green  is  an  aromatic,  ever- 
green plant  with  an  imder- 
ground  or  creeping  stem 
producing  erect  branches 
not  more  than  6  inches  in 
height,  the  lower  part  of 
which  is  smooth  and 
naked,  while  near  the  ends 
are  borne  the  crowded 
clusters  of  evergreen 
leaves.  These  are  alter- 
nate, shining  dark  green 
above,  lighter  colored 
underneath,  spicy,  thick 
and  leathery,  oval  and 
narrowing  toward  the  base, 

about  June  to  September  the  solitary,  somewhat  urn-shaped  and  five-toothed  white 
and  waxy  flowers  appear,  borne  on  recurved  stems  in  the  axils  of  the  leaves.  (Fig. 
11.)  These  are  followed  by  globular,  somewhat  flattened  berries,  which  ripen  in 
autumn  and  remain  on  the  plant,  sometimes  until  spring.  They  are  bright  red,  five 
celled,  mealy,  and  spicy.  All  parts  of  the  plant,  which  belongs  to  the  heath  family 
(Ericaceae),  are  aromatic. 

Collection,  prices,  and  uses. — The  leaves  of  wintergreen,  or  gaultheria,  Mere  at  one 
time  official  in  the  United  States  Pharmacopoeia,  but  now  only  the  oil  of  wintergreen, 
distilled  from  the  leaves,  is  so  regarded.  The  leaves  should  be  collected  in  autumn. 
Sometimes  the  entire  plant  is  pulled  up  and,  after  drying,  the  leaves  readily  shake 
off.     The  price  paid  to  collectors  ranges  from  about  3  to  4  cents  a  pound. 

Wintergreen  has  stimulant,  antiseptic,   and  diuretic  properties.     Its  chief  use, 
however,  seems  to  be  as  a  flavoring  agent. 
219 


Fig.  11. 


-Wintergreen  {Gaulthrria  procuinhcm),  flowering  and  fruit- 
ing plants. 

1  to  1^  inches  in  length,  and  of  varying  width.     From 
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BEARBEKRY. 


Arctostaphylos  uva-ursi  (L.)  Spreng. 

Pharmacopoeial  name. — Uva  ursi. 

Other  common  names. — Red  bearberry,  bear's-grape,  bear's  bilberry,  bear's  whortle- 
berry, foxberry,  upland  cranberry,  mountain  cranberry,  crowberry,  mealberry,  rock- 
berry,  mountain  box,  kinnikinnic,  killikinic,  uni^•erse  vine,  brawlius,  buiTen  myrtle, 

creashak,  sagachomi,  rap- 
per dandies  (fruit). 

Habitat  and  range. — 
Bearberry  is  a  native  of 
this  country,  growing  in 
drj'  sandy  or  rocky  soil 
from  the  Middle  Atlantic 
States  north  to  Labrador 
and  westward  to  California 
and  Alaska. 

Description. — The  bear- 
berry is  a  low,  much- 
branched  shrub  trailing 
over  the  ground  and  hav- 
ing leathery,  evergreen 
leaves.  It  is  a  member  of 
the  heath  family  (Erica- 
ceee)  and  produces  its 
pretty  waxy  flowers  about 
May.  , 

The  numerous  crowded 
leaves  are  thick  and 
leathery,  evergreen,  about 
one-half  to  1  inch  in 
length,  blunt  and  widest 
at  the  top  and  narrowing 
at  the  base,  with  a  net- 
w'ork  of  fine  veins,  smooth, 
and  ■with  margins  entire. 
The  flowers  are  few.  borne 
in  short  drooping  clusters 
at  the  ends  of  the 
branches,  and  are  ovoid 
or  somewhat  IjcII  shaped  in  form,  four  or  live  lobed,  white  with  a  pinkish  tinge. 
They  are  followed  by  smooth,  red,  globular  fruits,  with  an  insipid,  rather  dry  pulp, 
containing  five  nutlets.     (Fig.  12.) 

Collection,  prices,  and  uses. — Bearberry  or  uva  ursi  leaves,  official  in  the  United 
States  Pharmacopoeia,  are  collected  in  autumn.  Collectors  receive  from  about  2 
to  4  cents  a  pound  for  them.  Bearberry  leaves  ha\e  a  bitter,  astringent  taste  and  a 
faint  odor.  They  act  on  the  kidneys  and  bladder  and  have  astringent  and  tonic 
properties. 

Another  .rpcrics. — The  leaves  ol  man/.anihi  [  Arcto.staphi/los  (jhiiira  Lindl.).  a  ishrub- 
like  tree,  9  to  25  feet  higli,  have  properties  similar  to  uva  ursi  and  are  also  used  in 
medicine  for  similar  purposes.  They  are  of  a  leathery  texture,  pale  green,  ovate 
oblong  in  shape,  witli  unbroken  margins,  and  about  2  inches  in  length.  Manzanita 
grows  in  California,  in  dry  rocky  districts  on  the  western  slopes  of  the  Sierras. 


ri(i.  12.— Ri'arln'iTv  (,1 /(7as7ap/(y/os  Myo-Mr«0.  leaves  and  fruits. 
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BUCK    liEAN. 


Menyanthes  Irifoliata  I>. 

Other  common  names.- — ^Bog  bean,  bog  luyrtJe,  l)()g  hop,  bog  nut,,  brook  1)ean,  l)ean 
trefoil,  nuirsli  trefoil,  water  trefoil,  bitter  trefoil,  waler  shann-ock,  marsh  clover, 
moonfiower,  bitterworin. 

Ilahitut  and  range. — The  l)iick  bean  is  a  marsh  herb  occurring  in  North  America  as 
far  south  as  Pennsylvania,  Minnesota,  and  California.     It  is  also  native  in  Europe. 

Description. — This  per- 
ennial herb  arises  from  a 
long,  black,  creeping,  scaly 
rootstock,  the  leaves  be- 
ing produced  from  the  end 
of  the  same  on  erect 
sheathing  stems  measuring 
about  2  to  10  inches  in 
height.  The  leaves  con- 
sist of  three  oblong-oval  or 
broadly  oval  leaflets  H  to 
3  inches  long,  somewhat 
fleshy  and  smooth,  blunt 
at  the  top.  with  margins 
entire  and  narrowed  to- 
ward the  base;  the  upper 
surface  is  pale  green  and 
the  lower  surface  some- 
what glossy,  with  the  thick 
midrib  light  in  color.  The 
flower  cluster  is  produced 
from  May  to  July  on  a  long, 
thick,  naked  stalk  arising 
from  the  rootstock  It 
bears  from  10  to  20  flowers, 
each  with  a  funnel-shaped 
tul)e  terminating  in  five 
segments  which  are  pink- 
ish purple  or  whitish  on 
the  outside  and  whitish 
and  thickly  bearded  with 
white  hairs  within.  (Fig. 
13.)  The  capsules  which  follow  are  ovate,  blunt  at  the  top,  smooth  and  light 
brown,  and  contain  numerous  smooth  and  shining  seeds.  Buck  bean  is  a  perennial 
lielonging  to  the  buck-bean  family  (Menyanthacese). 

Collection,  prices,  and  uses. — The  leaves  are  generally  collected  in  spring.  They 
lose  more  than  three-fourths  of  their  weight  in  drying.  The  price  paid  per  pound  is 
about  6  to  8  cents. 

Buck-bean  leaves  have  a  very  bitter  taste,  but  no  odor.  Large  doses  are  said  to  have 
cathartic  and  sometimes  emetic  action,  but  the  })rincipal  use  of  buck-bean  leaves  is 
as  a  bitter  tonic.  They  have  been  employed  in  dyspepsia,  fevers,  rheumatic  and 
skin  affections,  and  also  as  a  remedy  against  worms. 

The  rootstock  is  also  sometimes  employed  medicinally  and  was  recognized  in  tlie 
United  States  Pharmacopoeia  from  1830  to  1840. 
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Fig.  13.— Buck  bean  {Menyanthes  trifoHata),  flowering  jilanl. 


22 


AMERICAN    MEDICINAL  LEAVES   AND    HERBS. 


SKULLCAP. 

Scutellaria  later ijlorn  L. 

Pharmacopoeial  name. — Scutellaria. 

Other  common  naviea. — American  skullcap,  blue  skullcap,  mad-dog  skullcap,  side- 
flowering  skullcap,  madwoed,  hoodwort,  blue  pimpernel,  hooded  willow-herb. 

Ilahitat  and  range. — This  species  is  native  in  damj)  ])laces  along  banks  of  streams 

from  Canada  southward  to 
Florida,  New  Mexico,  and 
Washington. 

Description. — The  lip- 
shaped  flowers  and  squar- 
ish stems  of  the  skullcap 
indicate  that  it  is  a  member 
of  the  mint  family  (Men- 
thacese).  It  is  a  perennial 
of  slender,  erect  habit,  its 
square,  leafy,  branching 
stem  ranging  from  8  inches 
to  2  feet  in  height,  smooth, 
or  sometimes  hairy  at  the 
top .  The  leaves  are  placed 
opposite  to  each  other  on 
the  stem  on  slender  stalks 
and  are  about  1  to  3  inches 
in  length  and  about  one- 
third  as  wide,  thin  in  tex- 
ture, oblong  or  lance  shaped, 
with  margins  coarsely 
toothed.  They  gradually 
become  smaller  toward  the 
top,  and  sometimes  those 
at  the  very  top  have  the 
margins  unbroken.  The 
flowers  are  borne  in  narrow, 
spikelike,  one-sided  clus- 
ters, generally  in  the  axils 
of  the  leaves,  but  frequent- 
ly also  at  the  top,  and  are 


Fig. 


14.— SkuUoap  (Scutellaria  laloi/lora},  floworin;; 
also  seed  capsules. 


branch,  showing 


interspersed  with  leafy  bracts.  They  appear  from  about  July  to  September  and  are 
blue,  shading  off  to  whitish.  Tlie  tubular,  2-lipped  flowers  are  about  a  quarter  of  an 
inch  in  length,  and  the  calyx,  or  outer  green  covering  of  the  flower,  is  also  two  lipped, 
the  upper  lip  shaped  like  a  helmet  and  closing  in  fruit.     (Fig.  14.) 

Collection,  prices,  and  uses. — The  dried  plant  is  at  present  official  in  the  United 
States  Pharmaropnria.  The  entire  plant  is  collected  when  in  flower  and  should  be 
carefully  dried  in  the  shade.     The  price  ranges  from  about  3  to  1  cents  a  jwund. 

Very  frequently  collectors  will  gather  some  other  species  in  place  of  the  official  plant, 
most  of  those  thus  wrongly  finding  their  way  into  the  market  being  generally  of  stouter 
growth,  with  broader  leaves  and  much  larger  flowers. 

This  plant  was  once  considered  valuable  for  the  prevention  of  hydrophobia,  whence 
the  names  "mad-dog  skullcap  "  and  "madweed,"  but  it  is  now  known  to  be  useless  for 
that  j)urpose.     It  is  used  principally  as  a  tonic  and  to  a  limited  extent  for  allaying 
nervous  irritation  of  various  kinds. 
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HOREiinrxi). 


Marruhium  rulgarc  L. 


Pharviacopceial  name. — Marrubium. 

Other  common  muxes. — lloundsbene,  nuirvcl,  marrube. 

Habitat  and  range. — Ilorehound  grows  in  dry  sandy  or  stony  soil  in  waste  j^laces, 
along  road.sides  and  near  dwellings,  in  fields,  and  pastures.  It  is  found  from  Maine  to 
South  Carolina,  Texas,  and  westward 
to  California  and  Oregon.  It  is  very 
abundant  in  jiastures  in  Oregon  and 
California,  and  especially  in  southern 
California,  where  it  is  a  very  trouble- 
some weed,  covering  vast  areas  and 
in  such  dense  masses  as  to  crowd  out 
all  other  vegetation.  It  has  been 
naturalized  from  Europe. 

Description. — The  entire  plant  is 
thickly  covered  with  hairs,  which 
give  it  a  whitish,  woolly  appearance. 
It  is  a  bushy,  branching  herb,  having 
a  pleasant  aromatic  odor,  and  is  about 
1  to  3  feet  high,  with  many  woolly 
stems  rounded  below  and  four  augled 
above,  with  opjiooite,  oval  or  round- 
ish, wrinkled,  strongly  veined,  and 
very  hoary  leaves.  The  leaves  are 
about  1  to  2  inches  in  length,  placed 
opposite  each  other  on  the  stem,  oval 
or  nearly  round,  somewhat  blunt  at 
the  apex,  and  narrowed  or  somewhat 
heart  shaped  at  the  base,  the  margins 
round  toothed;  the  upper  surface 
is  wrinkled  and  somewhat  hairy, 
while  the  lower  surface  is  very  hoary 
and  prominently  veined.  The  lip- 
shaped  flowers,  which  appear  from 
June  to  September,  show  that  it  is  a 
member  of  the  mint  family  (Mentha- 
ceae).  These  are  borne  in  dense 
woolly  clusters  in  the  axils  of  the 
leaves  and  are  whitish,  two  lipped,  the  upper  lip  two  lobed,  the  lower  three  lobed. 
The  hooked  calyx  teeth  of  the  mature  flower  heads  cling  to  the  avooI  of  sheep,  resulting 
in  the  scattering  of  the  seeds.     (I'^ig.  15.) 

Collection,  prices,  and  nses.— The  leaves  and  tops  are  the  parts  used  in  medicine  and 
are  official  in  the  United  States  Pharmacopoeia.  These  are  gathered  just  before  the 
plant  is  in  flower,  the  coarse  stalks  being  rejected.  They  should  be  carefully  dried  in 
the  shade.  The  odor  is  pleasant,  rather  aromatic,  but  diminishes  in  drying.  The 
taste  is  bitter  and  persistent.     Horehound  at  present  brings  about  1  \  to  2  cents  a  pound. 

It  is  well  known  as  a  domestic  remedy  for  colds  and  is  also  used  in  dyspepsia  and  for 
expelling  worms. 
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Fig.  15.— Horehound  (Marrubium  vulgare),  leaves, 
flowers,  and  seed  clusters. 
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CATNIP. 


Nepeta  ratarin  L. 

Other  common  names. — Cataria,  catmint,  calwort,  calrup,  field  mint. 
ffabitat  and  range. — Catnip,  a  coinmnn  weed  naturalized  from  Europe,  occurs  in 

rather  dry  soil  in  waste 
places  and  cultivated  land 
from  Canada  to  Minnesota 
and  south  to  Virginia  and 
Arkansas. 

Description. — The  fine 
white  hairs  on  the  stems 
of  this  plant  give  it  a 
somewhat  whitish  appear- 
ance. Catnip  reaches 
about  2  to  3  feet  in  height, 
with  erect,  square,  and 
branched  stems.  It  is  a 
perennial  belonging  to  the 
mint  famih-  (Menthacese). 
The  opposite  leaves  are 
heart  shaped  or  oblong, 
with  a  pointed  apex,  the 
upper  surface  green,  the 
lower  grayish  green  with 
fine  white  hairs,  the  mar- 
gins finely  scalloped  and 
I  to  2J  inches  in  length. 

About  June  to  Septem- 
ber the  many-flowered, 
rather  thick  spikes  are 
produced  at  the  ends  of 
the  stem  and  branches. 
The  whitish  flowers,  dot- 
ted with  purple,  are  two 
lipped,  the  upper  lip 
notched  or  two  cleft,  the 
lower  one  with  three  lobes, 
the  middle  lobe  broadest 
and  sometimes  two  cleft. 
(Fig.  16). 

Collection,  prices,  and  uses. — The  leaves  and  flowering  tops,  which  have  a  strong 
odor  and  a  bitter  taste,  are  collected  when  the  plant  is  in  flower  and  are  carefully 
dried.  The  coarser  stems  and  branches  should  be  rejected.  Catnip  was  official  in 
the  United  States  Pharmacopa^ia  from  1840  to  1880.  The  price  ranges  from  3  to  5  cents 
a  pound. 

Catnip  is  used  as  a  mild  stimulant  and  tonic  and  as  an  emmenagogue. 
quieting  effect  on  the  nervous  system. 
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MOTllKKAVOHT. 


Synonym. — Cardiaca  riih/dris  Moench. 

Other  contnion  names. — Throwwort,  cowthworl,  lion's-fail,  lion's-ear. 

JIdbitat  and  range. — Motlierwort,  naturalized  from  Eur()j)e  and  a  native  also  of  Asia, 
Ls  found  about  dwellings 
and  in  v.aste  i)laces,  its 
range  in  this  country  ex- 
tending from  Nova  Scotia 
to  North  Carolina,  Minne- 
sota, and  Nebraska. 

Description.  —  The 
rather  stout,  erect,  4- 
angled  stem  of  this  peren- 
nial herb  attains  a  height 
of  from  2  to  5  feet,  is  spar- 
ingly hairy,  and  has  up- 
right branches.  The 
rough,  dark-green  leaves 
are  borne  on  long  stems, 
the  lower  ones  rounded, 
about  2  to  4  inches  wide 
and  three  to  five  lobed, 
the  lobes  pointed,  toothed, 
or  variously  cut,  the  upper 
narrower  ones  three  cleft 
with  lance-shaped  lobes. 
Motherwort  flowers  in 
summer,  the  pale-purple 
or  pinkish  lip-shai:)ed 
blossoms  produced  in  the 
axils  of  the  leaves  being 
arranged  in  dense  circles 
around  the  stem ;  the  up- 
per lip  is  densely  covered 
with  white,  woolly  hairs 
on  the  outside  and  the  lower  lip  is  three  lobed  and  mottled.  (Fig.  17.)  Motherwort 
belongs  to  the  mint  family  (Menthaceae). 

Collection,  prices,  and  uses. — The  leaves  and  flowering  tops  are  collected  during  the 
flowering  season.  They  have  an  aromatic  odor  and  a  very  bitter  taste.  At  present 
they  bring  about  3  to  5  cents  a  pound. 

Motherwort  has  stimulant,  slightly  tonic  properties  and  is  used  also  to  jjromote 
perspiration. 
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Fig.  17.- 


-Motherwort  (Leonurzis  cardiaca),  leaves,  flowers,  and  seed 
clusters. 
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PEXXYROYAL. 


Iledcnma  pulegioides  (L.)  Pers. 

T'harmacopoeial  name. — Heck'oma. 

Other  common  names. — American  pennyroyal,  mock  pennyroyal,  squaw  mint,  tick- 
weed,  stinking  balm,  mos- 
quito plant. 

Habitat  and  range. — Pen- 
nyroyal is  found  in  dry  soil 
from  Nova  Scotia  and 
Quebec  to  Dakota  and 
southward. 

Description. — This  very 
strongly  aromatic  annual 
of  the  mint  family  (Men- 
ihacese)  is  of  rather  insig- 
nificant appearance,  being 
a  low-growing  plant,  about 
6  inches  to  a  foot  or  so  in 
height,  with  a  slender, 
erect,  much-branched  and 
somewhat  hairy  stem. 

•The  opposite  leaves  are 
small,  scarcely  exceeding 
three-fourths  of  an  inch  in 
length  and  becoming 
smaller  toward  the  top  of 
the  plant.  They  are  borne 
on  short  stems  and  are  ob- 
long ovate  in  shape,  thin, 
blunt  at  the  apex,  nar- 
rowed at  the  base,  and  with 
margins  sparingly  toothed. 
The  branchlets  are  four  an- 
gled and  somewhat  hairy, 
and  the  loose  flower  clus- 
W'  /  ters,  appearing  from  July  to 

J-' 1      September  in  the  axils  of 

the  leaves,  consist  of  a  few 

pale-bluish  flowers  with  2- 

uppcr  tine  enlirc  or  slightly  notched  or  two  lubed,  while  the 


I'Ki.  Is.— Tennyroyal  (Iltdeoma  pukgiuidm),  leaves  and  llower.s. 


lipped  cijroUa,  the  ere<l 

lower  spreading  lip  is  three  cleft.     (I''ig.  18.) 

Collection,  prices,  and  uses. — The  leaves  and  flowering  t()j)s  are  otticial  in  the  United 
States  Pharmacopoeia,  as  is  also  the  oil  of  pennyroyal  distilled  from  them.  They 
should  be  collected  while  in  flower.  The  price  paid  to  collectors  ranges  from  about 
1^  to  21  cents  a  pound. 

Pennyroyal  has  a  strong  mintlike odor  and  pungent  taste  and  is  used  as  an  aromatic 
stimulant ,  carniinati\e,  and  emmenagogue.     The  odor  is  very  repulsive  to  insects,  and 
pennyroyal  is  therefore  much  used  for  keeping  away  mosquitoes  and  other  trouble- 
some in.sects. 
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BUGLEAVEEI). 

Lijcopus  virginirua  L. 

OIlur  cDunnon  names. — Buj'lcwoii,  sweet  buu:le\vee(l,  Ameriean  walcr  lidnliMund, 
carpenter's  herb,  green  archangel,  gypsyweed,  Paul's  Ix'lony,  wor).]  betony,  wnli  tudt, 
purple   archangel,   water 
'bugle,  gypsywort,  gypsy 
herb,  Virginia  horehound . 

Habitat  and  range.- 
Bugleweed  is  a  native 
herb  frequenting  wet, 
shady  places  from  Canada 
to  Florida,  Missouri,  and 
Nebraska. 

Description. — This  per- 
ennial herb  of  the  mint 
family  (Menthacese)  has 
long,  threadlike  runners 
and  a  bluntly  4-angled, 
smooth,  slender,  erect  or 
ascending  stem  from  (i 
inches  to  2  feet  in  height. 
The  leaves  are  dark  green 
or  of  a  purplish  tinge, 
about  2  inches  in  length, 
long  pointed  at  the  apex 
and  narrowed  toward  the 
base,  the  upjier  portion  of 
ihe  margin  being  toothed . 
The  small,  tubular,  bell- 
shaped,  4-lobed  flowers 
are  purplish  and  are  pro- 
duced from  about  July 
to  September  They  are 
borne  in  dense  clusters  in 
the  axils  of  the  leaves  and 
are  followed  by  3-sided 
nutlets.     (Fig.  19.) 

Collection,  prices,  and  uses. — The  entire  herb,  which  was  olhcial  from  1830  In  Tk^O, 
should  be  gathered  during  the  flowering  period.     It  brings  about  3  to  4  cents  a  jxiund. 
The  plant  has  a  rather  pleasant,  mintlike  odor,  but  the  taste  is  bitter  and  disagreeal)le. 
It  has  sedative,  tonic,  and  astringent  properties. 
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Fig.  I'J. — Buf,'lewec'd  {Lijcopu.t  lirginicm),  leaves  and  llowv 
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PEPPERMINT. 


Mentha  jiijxrild  L. 

Phnrmarnpffial  name. — Mentha  i)iperila. 

()lh<r  coinmnn  names. — American  mint,  brandy  mint,  lamb  mint,  lammint,  State 
mint  (in  New  York). 

Habitat  and  range. — Peppermint  is  naturalized  from  Europe  and  is  found  in  damp 
plaees  from  Nova  Scotia  to  Minnesota  and  south  to  Florida  and  Tennessee.     It  is 

largely  cultivated,  princi- 
pally in  Michigan  and 
New  York,  where  the  dis- 
tillation of  the  plants  for 
the  oil  is  carried  on  com- 
mercially on  a  very  ex- 
tensive scale,  and  also  in 
part^  of  Indiana,  Iowa, 
and  Wisconsin. 

Description. — P  e  p  p  e  r  - 
mint  propagates  by  means 
of  its  long,  running  roots, 
from  which  are  produced 
smooth,  square  stems,  from 
1  to  3  feet  in  height,  erect 
and  branching.  The 
dark-green  leaves  are 
borne  on  stalks  and  are 
lance  shaped,  1  to  2  inches 
in  length  and  about  half 
as  wide,  pointed  at  the 
apex  and  rounded  or  nar- 
rowed at  the  base,  with 
margins  shar])ly  toothed; 
they  are  smooth  on  both 
sides,  or  sometimes  the 
veins  on  the  lower  surface 
are  hairy. 

This  aromatic  perennial 
of  the  mint  family  (Men- 
thaceae)  is  in  flower  from 
July  to  September,  the 
small  purplish  blossoms 
ha  vinga  tubular,  5-toothed 
circles  around  the  stem,  forming 


I'li;.  20.— I'eppermint  (Mi mini  jji/xrila),  loaves  and  IIowit; 


calyx  and  a  4-lobed  corolla.     They  are  placed  in 
thick,  l)lunt,  terminal  spikes.     (Fig.  20.) 

Collection,  prices,  and  u.ses.— The  dried  leaves  and  flowering  tops  are  the  parts  di- 
rected to  be  used  by  the  United  States  Pharmacopopia.  These  must  be  collected  as 
soon  as  the  flowers  begin  to  open  and  .«hould  b6  carefully  dried  in  the  shade.  Dried 
peppermint  leaves  and  tops  bring  about  3^  to  4^  cents  a  pound. 

The  pungent  odor  of  peppermint  is  familiar,  as  is  likewise  the  agreeable  taste,  burn- 
ing at  first  and  followed  by  a  feeling  of  coolness  in  the  mouth.     It  is  a  well-known 
remedy  for  stomach  and  intestinal  trou1)les. 
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The  oil,  which  is  obtainod  })y  distillation  with  waf<'r  from  the  fresh  or  partially  dried 
leaves  and  Howerin<^  tops,  is  also  oliicial  in  the  L'nittul  States  Pharmacoixria.  While 
a  less  acreage  was  devoted  to  peppermint  dunn<?  1910,  conditions  were  favorable  to 
its  growth,  and  the  crop  is  estimated  to  have  amounted  to  about  200,000  pounds.  The 
wholesale  quotations  for 
peppermint  oil  in  the 
spring  of  1911  ranged  from 
$2.85  to  $2.95  a  jxmnd. 

SPEARMINT. 

Mentha  spicata  L. 

PharmacopaidJ   luimc- 
Mentha  viridis. 

Synonym. —  Mentha  viri- 
dis L . 

Other  common  namcs.- 
Mint,  brown  mint,  garden 
mint,  lamb  mint,  mackerel 
mint,    Our  Lady's  mint, 
sage  of  Bethlehem. 

Habitat  and  range. — Like 
peppermint,  the  spear- 
mint has  also  been  natu- 
ralized from  Europe  and 
may  be  found  in  moist 
fields  and  waste  places 
from  Nova  Scotia  to  Utah 
and  south  to  PTorida.  It 
is  also  cultivated  to  some 
extent  for  the  distillation 
of  the  oil  and  is  a  familiar 
plant  in  gardens  for  do- 
mestic use. 

Description . — Spearmint 
very  much  resembles  pep- 
permint. It  does  not  grow  perhaps  quite  so  tall,  the  lance-shaped  leaves  are  gener- 
ally stemless  or  at  least  with  very  short  stems,  and  the  flowering  spikes  are  narrow 
and  pointed  instead  of  thick  and  blunt.  (Fig.  21.)  The  flowering  period  is  the 
same  as  for  peppermint — from  July  to  September. 

Collection,  prices,  and  uses. — The  dried  leaves  and  flowering  tops  are  official  in  the 
United  States  Pharmacopoeia  and  should  be  collected  before  the  flowers  are  fully  de- 
veloped.    The  price  at  present  is  about  3j  cents  a  pound. 

Spearmint  is  used  for  similar  purposes  as  ])eppermint,  although  its  action  is  milder. 
The  odor  and  taste  closely  resemble  those  of  peppermint,  but  a  difference  may  be 
detected,  the  flavor  of  spearmint  being  by  some  regarded  as  more  agreeable.  Oil  of 
spearmint  is  also  official  in  the  United  States  Pharmacopoeia.  It  is  obtained  from  the 
fresh  or  partially  dried  leaves  and  flowering  tops. 
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Fig.  ■_'!.— .SpearmiiU  (  Mintha  spicata),  leaves,  (lowers,  and  iMiining 

rootstock. 
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JIMSUX    WEED. 

Datura  slrainoniuin  L. 

Pharmacopmal  iiame.' — Stramonium. 

Other  common  names. — Jamestown  weed  (from  which  the  name  "jimson  weed''  is  de- 
rived). Jamestown  lily,  thorn  apple,  devil'sapple,  mad-apple,  appleof  Peru,  stinkweed, 

stinkwort,     devii"s-lrum- 
pet,  fireweed,  dewtry. 

Habitat  and  range.—  This 
is  a  very  common  weetl 
in  fields  and  waste  places 
almost  everywhere  in  the 
United  States  except  in 
the  North  and  West.  It 
is  widely  scattered  in 
nearlj-  all  warm  countries. 
Description. — J  i  m  s  o  n 
weed  is  an  ill-scented, 
poisonous  annual  belong- 
ing to  the  nightshade  fam- 
ily (Solanaceae).  Its  stout, 
yellowish-green  stems  are 
about  2  to  5  feet  high, 
much  forked,  and  leafy 
with  large,  thin,  wavy- 
loothed  leaves.  The 
leaves  are  from  3  to  8 
inches  long,  thin,  smooth, 
j)ointed  at  the  top  and 
usually  narrowed  at  the 
base,  somewhat  lobed  or 
irregularly  toothetl  and 
waved,  veiny,  the  upper 
surface  dark  green,  while 
ihe  lower  surface  is  a  light- 
er green.  The  flowers  are 
large  (about  3  inches  in 
length),  white,  funnel 
f-haped,  rather  showy,  and  with  a  pronounced  odor.  Jimson  weed  is  in  flower  from 
al)out  May  to  Septendx'r,  and  the  seed  j)ods  which  follow  are  dry,  oval,  ])rickly  caj)- 
sules,  about  as  large  as  a  horse-chestnut,  which  upon  rfi)ening  burst  open  into  four 
valves  containing  numerous  black,  wrinkled,  kidney-shaped  seeds,  which  are 
poisonous      (Fig.  22.) 

Collection,  prices,  and  itscs. — The  leaves  of  the  jimson  weed,  yielding,  when  assayed 
by  the  United  States  Pharmacoptria  process,  not  less  than  0.3.')  per  cent  of  its  alkaloids, 
are  ofhcial  under  the  name  "Stramonium."  They  are  collected  at  the  time  jimson 
weed  is  in  flower,  the  entire  plant  being  cut  or  j)ulled  up  and  the  leaves  stripped  and 
carefully  dried  in  the  shade.  They  have  an  un))leasant,  narcotic  odor  and  a  bitter, 
nauseous  taste.  T)rying  diminishes  (he  disagreeal)le  odor.  The  collector  may  receive 
from  2  to  5  cents  a  pound  for  the  leaves. 

The  leaves,  which  are  poisonous,  cause  dilation  of  the  pupil  of  the  eye  and  also  have 
narcotic,  antispasmodic,  anodyne,  and  diuretic  projierlies.  In  asthma  they  are  fre- 
quently employed  in  the  form  of  cigarettes,  which  are  smoked,  or  the  fumes  are 
inhaled. 

The  seeds  are  al.so  used  in  niedicnie. 


Fig. 


-Jimson  wncit  (Datura  .•<'r<im(iniiim).  Icincs,   llowcr.s,  unci 
capsules. 
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BALMONY. 

Chclntir  gliihrti  I,. 

Other  cowmov  vnvi('s.-T\ui]vh('a(\,  (urtlc  hlodiii,    fislimontli,   codhead,  palt-rheum 
weed,  snake-head,  bitter  herb,  shell  flower. 

Hahilal  and  range. — This  native  perennial  grows  in  swamps  and  along  streama  from 
Newfoundland    to  Mani- 
toba and  south  to  Florida 
and  Kansas. 

Description. — Bahnony 
is  a  slender,  erect  herb, 
with  a  4-angled  stem  1  to 
3  feet  in  height,  occasion- 
ally branched.  The  short- 
stemmed  leaves,  which 
are  from  3  to  6  inches  in 
length,  are  narrowly  lance 
shaped  to  broadly  lance 
shaped,  the  lower  ones 
sometimes  broadly  oval, 
naiTOwing  toward  the  base 
and  with  margins  fm*- 
nished  with  sharp,  close- 
lying  teeth.  In  late  sum- 
mer or  early  fall  the  showy 
clusters  of  whitish  or  pink- 
ish flowers  are  produced. 
Each  flower  is  about  an 
inch  in  length,  with  a 
tubular,  inflated  corolla, 
with  the  mouth  slightly 
open  and  resembling  the 
head  of  a  turtle  or  snake; 
its  broad  arched  upper  lip 
is  keeled  in  the  center  and 
notched  at  the  apex,  while 
the  lower  lip  is  three 
lobed,  the  smallest  lobe 
in  the  center,  and  the  throat  bearded  with  woolly  hairs.  (Fig.  23.)  The  seed  capsule 
is  oval,  about  half  an  inch  in  length,  and  contains  numerous  small  seeds. 

Collection,  prices,  and  uses.— The  herb  (especially  the  leaves),  which  brings  from 
3  to  4  cents  a  pound,  should  be  collected  during  the  flowering  period. 

Balmony  has  a  very  bitter  taste,  but  no  odor,  and  is  used  as  a  tonic,  for  its  cathnrtic 
properties,  and  for  expelling  worms. 
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Fig.  2.3.— Balmony  (Ckclone  i/Iabra).  leaves  and  flowers. 
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COMMON    SPEEDWELL. 

Veronica  officinalis  L. 

Other  common  names.— Paul's  betouy,  ground-hele,  fluellin,  upland  speedwell. 
Habitat  and  range. —This  little  herb  frequents  dry  fields  and  woods  from  Nova  Scotia 
to  lilichigan  and  south  to  North  Carolina  and  Tennessee.     It  also  occurs  in  Europe 

and  Asia. 
Description.— The  common  speedwell  creeps  over  the  ground  by  means  of  rather 

woody  stems  rooting  at  the 
joints    and    sends    up 
branches  from    3    to    10 
inches  in   height.       It   is 
hairy  all  over.     The  leaves 
are  opposite  to  each  other 
on  the  stem,  on  short  stalks, 
gi"ayish    green    and    soft 
hairy,  oblong  or  oval  in 
shape,  and  about  one-half 
to  an  inch  in  length;  they 
are  blunt  at  the  apex,  with 
margins  saw  toothed  and 
narrowing  into  the  stalks. 
From  about   May  to  July 
the   elongated,    narrow, 
spikelike    flower   clusters 
are  produced  from  the  leaf 
axils,  crowded  with  small, 
pale-blue   flowers.      (Fig. 
24.)     The  capsule  is  obo- 
vate,  triangular,  and  com- 
pressed ,    and   contains 
numerous  flat  seeds.     The 
speedwell   is  a   perennial 
belonging   to   the  figwort 
family  (Scrophulariaceir) . 
Collection,    prices,    and 
uses. — The  leaves  and 
flowering  tops,  which  bring 
about  3  to  5  cents  a  pound, 
should  be  collected  about 


Fig.  24.— Common  speodwell  (Vironica  ofjficinulit),  leaves  and  flowers. 


May  or  June.     ^Mien  fresh  they  have  a  faint,  agreeable  odor,  which  is  lacking  when 
dry.     The  taste  is  bitter  and  aromatic  and  somewhat  astringent. 

Sl)eedwell  has  been  used  for  asthmatic  troubles  and  coughs  and  also  for  its  alterative, 
tonic,  and  diuretic  properties. 

LOXCLOVE. 
I>i(fit(iU,i  purpurea  L. 

Phannacopanal  nairie. — Digitalis. 

Other  common  names.— Fur\)\e  foxglove,  thimbles,   fairy  cap,  fairy  thimbles,  fafry 
fingers,  fairy    bells,  dog's-finger,    finger   flower,   lady's-glove,   lady's-finger,  lady's- 
thimble,    poiidock,  flap    dock,    floj)  dock,  lion's-mouth,    rabbit 's-flower,    cottagers, 
throat  wort,  Scotch  mercury. 
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TTabitat  and  range. — Originally  introduced  into  thi.s  country  from  Europe  as  an  orna- 
mental garden  ])lant,  foxglove  may  now  be  found  wild  in  a  few  localities  in  parts  of 
Oregon,  Washington,  and  West  Virginia,  having  escaped  from  cultivation  and  assumed 
the  character  of  a  weed .  It  occurs  along  roads  and  fence  rows,  in  small  cleared  places, 
and  on  the  borders  of  timber  land. 

Description. — Foxglove,  a  liiennial  or  perennial  Ix'longing  to  the  figwort  family 
(Scrophulariacea^),  during 
the  first  year  of  its  growth 
produces  only  a  dense 
rosette  of  leaves,  but  in 
the  second  season  the 
do\\Tiy  and  leafy  flower- 
ing stalk,  reaching  a 
height  of  3  to  4  feet,  a])- 
pears.  The  basal  leaves 
are  rather  large,  with  long 
stalks,  while  the  upper 
ones  gTadually  become 
smaller  and  are  borne  on 
shorter  leafstalks.  The 
ovate  or  oval  leaves,  4  to 
12  inches  long  and  about 
half  as  wide,  the  upper 
surface  of  which  is  dull 
green  and  wrinkled,  are 
narrowed  at  the  base  into 
long  winged  stalks;  the 
lower  surface  of  the  leaves 
shows  a  thick  network  of 
prominent  veins  and  is 
grajdsh,  with  soft,  short 
hau's.  The  apex  is  blunt 
or  pointed  and  the  mar- 
gins are  round  toothed. 
^^^len  foxglove  is  in 
flower,  about  June,  it  is  a 
most  handsome  plant,  the 
long  terminal  clusters 


Fig.  26. — Foxglove  (Di, lit  ills  piirpurci),  leaves  and  flowers. 


(about  14  inches  in  length)  of  numerous  tubular,  bell-shaped  flowers  making  a  very 
showy  appearance.  The  individual  flowers  are  about  2  inches  long  and  vary  in  color 
from  whitish  through  lavender  and  purple;  the  inside  of  the  lower  lobe  is  white, 
with  crimson  spots  and  furnished  with  long,  soft,  white  hairs.  (Fig.  25.)  The  capsule 
is  ovoid,  tM^o  celled,  and  many  seeded. 

Collection,  prices,  and  uses. — The  leaves,  which  are  official  in  the  United  Slates 
Pharmacopoeia,  are  collected  fi-om  plants  of  the  second  year's  growth  just  about  the 
time  that  they  are  coming  into  flower.  They  should  be  very  carefully  dried  in  the 
shade  soon  after  collection  and  as  rapidly  as  possible,  preserving  them  in  dark,  air- 
tight receptacles.  The  leaves  soon  lose  their  medicinal  properties  if  not  properlv 
dried  or  if  exposed  to  light  and  moisture.  Foxglove  brings  about  6  to  8  cents  a  pound. 
At  present  most  of  the  foxglove  or  digitalis  used  comes  to  this  country  from  Europe, 
where  the  plant  grows  wild  and  is  also  cultivated. 

Foxglove  has  a  faint,  rather  peculiar  odor  and  a  very  bitter,  nauseous  taste.     Prepa- 
rations made  from  it  are  of  great  value  in  affections  of  the  heart,  but  they  are  poisonous 
and  should  be  used  only  on  the  advice  of  aphj'sician. 
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SQUAW    VINE. 

Mitchella  re  pens  L. 

Other  common  namea. — Checkerberry,  partridgeberry,  deerberry,  hive  vine,  squaw- 
berry,  twinberrv,  chickonberry,  cowberry,  boxberry,  foxberry,  partridge  vine,  winter 

clover,  wild  running  box, 
oneberrj',  pigeonberry, 
pnakebeiTy,  two-eyed  ber- 
ry, squaw-plum. 

Habitat  and  range. — The 
^jquaw  vine  is  common  in 
woods  from  Nova  Scotia 
to  Minnesota  and  south  to 
Florida  and  Arkansas, 
where  it  is  generally  found 
creeping  about  the  bases 
of  trees. 

Description. — This  slen- 
der, creeping  or  trailing 
evergreen  herb,  a  member 
of  the  madder  family 
(Rubiacesc),  has  stems  6 
to  12  inches  long,  rooting 
at  the  joints,  and  roundish- 
oval,  rather  thick,  shining, 
dai'k-green  opposite  leaves 
about  half  an  inch  in 
length,  whidi  are  blunt  at 
the  apex  and  rounded  or 
somewhat  heart  shaped  at 
the  base,  with  margins 
entire.  Sometimes  the 
leaves  show  whitish  veins. 
The  plant  flowers  from 
about  April  to  June,  pro- 
ducing fragrant  whitish, 
sometimes  pale-pur]ilish, 
funnel-shajHHl  and  4-lobed 
flowers,  two  borne  to- 
gether on  a  stalk  and  having  the  ovaries  (seed-bearing  portion)  united,  resulting  in 
a  double,  berry  like  fruit.  These  fruits  are  red  and  contain  eight  small,  bony 
nutlets.  (Fig.  20.)  They  remain  on  the  vine  through  the  winter  and  are  edible, 
though  practically  tasteless. 

Collection,  prices,  andiises. — The  leaves  and  stems  (herb)  are  collected  at  almost  any 
time  of  the  j'ear  and  range  in  price  from  about  3i  to  4  cents  a  pound . 

The  leaves  have  no  odor  and  are  somewhat  astringent  and  bitter.     Squaw  vine  has 
tonic,  astringent,  and  diuretic  i:)roperties. 
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LOBELIA. 


Lobelia  inflata  L. 

Pharmacopmal  name. — Lobelia. 

Other  common  names. — Indian  tobacco,  wild  tobacco,  asthma  weed,  gagroot,  void  it- 
wort,  puke  weed,  emetic  herb,  bladder  pod,  low  belia,  eyebright. 

Habitat  and  range. ^l.ohoViA  may  bo  found  in  sunny  situations  in  open  woodlands, 
old  fields  and  pastures, 
and  along  roadsides  nearly 
everywhere  in  the  United 
States,  but  especially  east 
of  the  Mississippi  River. 

Description. — -This  pois- 
onous plant,  an  annual 
belonging  to  the  bellflower 
family  (Gampanulacece), 
contains  an  acrid,  milky 
juice.  Its  simple  stem  has 
but  few  short  branches  and 
is  smooth  above,  while  the 
lower  part  is  rough  hairy. 

The  leaves  are  placed 
alternately  along  the  stem, 
those  on  the  upper  portion 
small  and  stemless  and  the 
lower  leaves  larger  and 
borne  on  stalks.  They  are 
pale  green  and  thin  in 
texture,  from  1  to  about  2 
inches  in  length,  oblong 
or  oval,  blunt  at  the  apex, 
the  margins  irregularly  saw 
toothed,  and  both  upper 
and  lower  surfaces  fur- 
nished with  short  hairs. 

Lobelia  may  be  found 
in  flower  from  summer 
until  frost,  but  its  pale- 
blue  flowers,  while  very 


Fig.  27. 


-Lobelia   (Lobdia   inflata).    li'avcs, 
capsules. 


flowers,   and  inflated 


numerous,  are  very  small  and  inconspicuous.  They  are  borne  on  very  short  stems 
in  the  axils  of  the  upper  leaves.  The  lower  lip  of  each  flower  has  three  lobes  and 
the  upper  one  two  segments,  from  the  center  of  which  the  tube  is  cleft  to  the  base. 
The  inflated  capsules  are  nearly  round,  marked  wdth  parallel  grooves,  and  contain 
very  numerous  extremely  minute  dark-brown  seeds.     (Fig.  27.) 

Collection,  prices,  and  uses. — The  Pharmacopoeia  directs  that  the  leaves  and  tops  be 
collected  after  some  of  the  capsules  have  become  inflated.  Not  too  much  of  the 
stemmy  portion  should  be  included.  The  leaves  and  tops  should  be  dried  in  the 
Bhade  and  when  dry  kept  in  covered  receptacles.  The  price  paid  for  the  dried  leaves 
and  tops  is  about  3  cents  a  pound. 

Lobelia  has  expectorant  properties,  acts  upon  the  nervous  system  and  bowels, 
causes  vomiting,  and  is  poisonous. 

The  seed  of  lobelia  is  also  employed  in  medicine. 
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Eupatorium  -perfoliatum  L. 

Pharmacopoeial  name. — Eupatorium. 
Synonym.— Eupatorium  connatum  Michx. 

Other  common  names. — Thoroughwort,  thorou<jh-stem,  thoroughwax,  wood  boneset, 
teasel,  agueweed,  feverwort,  sweating  plant,  crosswort,  vegetable  antimony,  Indian 

sage,  \¥ild  sage,  tearal,  wild 
Isaac. 

Habitat  and  range. — 
Boneset  is  a  common  weed 
in  low,  wet  ground,  along 
streams,  and  on  the  edges 
of  swamps  and  in  thickets 
from  Canada  to  Florida  and 
west  to  Texas  and  Ne- 
braska. 

Description. — This  plant 
is  easily  recognized  by  the 
peculiar  arrangement  of  the 
leaves,  which  are  opposite 
to  each  other,  but  joined 
together  at  the  base,  which 
makes  it  appear  as  though 
they  were  one,  wdth  the 
stem  passing  through  the 
center.  It  is"  a  perennial 
plant  belonging  to  the  aster 
family  (Asteracese),  and  is 
erect,  growing  rather  tall, 
from  1  to  5  feet  in  height. 
The  stout  stems  are  rough 
hairy, and  the  leaves,  united 
at  the  base,  are  rough,  very 
prominently  veined,  wrin- 
kled, dark  green  above, 
lighter  green  and  downy  beneath,  lance  shaped,  tapering  to  a  point,  and  with  bluntly 
toothed  margins.  The  crowded,  flat-topped  clusters  of  flowers  are  produced  from 
about  July  to  September  and  consist  of  numerous  white  tubular  flowers  united  in 
dense  heads.     (Fig.  28.) 

Collection,  prices,  and  iises. — The  leaves  and  flowering  tops,  official  in  the  United 
States  Pharmacopa>ia,  are  collected  when  the  plants  are  in  flower,  stri])ped  from  the 
stalk,  and  carefully  dried.  They  lose  considerable  of  their  weight  in  drying.  The 
price  per  pound  for  boneset  is  about  2  cents. 

Boneset  leaves  and  tops  have  a  bitter,  astringent  taste  and  a  slightly  aromatic  odor. 
They  form  an  old  and  popular  remedy  in  the  treatment  of  fever  and  ague,  as  implied 
by  some  of  the  common  names  given  to  the  j)lant.  Boneset  is  also  emploj-ed  in 
colds,  dyspepsia,  jaundice,  and  as  a  tonic.  In  large  doses  it  acts  as  an  emetic  and 
cathartic. 
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GUM   PLANT. 

(1)  GrindeUa  rohusLa  Null.;  (2)  GnndcUu  squarrosd  (Pursh)  Dimal. 

Pharmaco  panel  I  name. — Grindelia. 

Other  common  names. — (2)  IJroad-leaved  gum  plant,  scaly  grindelia. 

Habitat  and  range. — The  gum  plant  (Grindelia  robusta)  occurs  in  the  States  west 
of  the  Rocky  Mountainti,  while  the  broad-leaved  gum  plant  (G.  s(piarrosa)  is  more 
widely  distributed,  being  of  common  occurrence  on  the  plains  and  prairies  from  the 
Saskatchewan  to  Minnesota,  south  to  Texas  and  Mexico,  and  westward  to  California. 

Description . — The  name 
"gum  plant"  is  applied 
especially  to  Grindelia 
robusta  on  account  of  the 
fact  that  the  entire  plant 
is  covered  with  a  resinous 
substance,  giving  it  a 
gummy,  varnishedappear- 
ance.  It  is  an  erect  per- 
ennial herb  belonging  to 
the  aster  family  (Aster- 
ace*)  and  has  a  round 
smooth  stem,  about  l^-  feet 
in  height.  The  leaves  are 
pale  green,  leathery  in 
texture  and  rather  rigid, 
coated  with  resin  and 
showing  numerous  trans- 
lucent dots,  and  are  about 
an  inch  in  length.  In  out- 
line they  are  oblong  spat- 
ulate^that  is,  having  a 
broad,  rounded  top  gradu- 
ally narrowing  toward  the 
base — clasping  the  stem 
and  with  margins  some- 
what saw  toothed  The 
plant  branches  freely  near 
the  top,  each  branch  some- 
what reddish  and  termi- 
nating in  a  large  yellow 
flower.  The  yellow  flowers 
are  about  three-fourths  of 
an  inch  in  diameter, 
broader  than  long,  and 
are  borne  singly  at  the  ends  of  the  branches.  Immediately  beneath  the  flower  is  a 
set  of  numerous,  thick,  overlapping  scales  (the  involucre),  the  tips  of  which  are 
rolled  forward,  the  whole  heavily  coated  with  resin. 
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Fig.  29.— Scaly  grindolia  {Grindelia  squarrosa),  leaves  and  flowrrs. 
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The  broad-leaved  gum  plant  (Grindelia  squarrosa)  is  very  similar  to  G.  robusta,  except 
that  it  is  smaller  and  less  gummy  in  appearance.  It  is  more  sparintrly  branched 
near  the  top  and  the  branches  seem  more  reddis^h.  The  leaves  are  also  clasjiing,  but 
they  are  longer,  about  2  inches  in  length,  and  broader,  thinner  in  texture  and  not 
rigid,  and  more  prominently  toothed.  The  smaller  flower  heads  are  generally  longer 
than  broad  and  have  narrower  involucral  scales,  the  recurved  tips  of  which  are  longer 
and  more  slender.     (Fig.  29.^ 

Collection,  prices,  and  uses. — The  leaves  and  flowering  tops  of  both  species  of  Grin- 
delia are  official  in  the  United  States  Pharmacopoeia,  and  should  be  collected  about 

the  time  that  the  flowers 
have  come  into  full  bloom. 
The  price  ranges  from 
about  5  to  10  cents  a 
pound,  ^^'hile  both  spe- 
cies are  official,  the  leaves 
and  tops  of  Grindelia  squar- 
rosa, being  more  prevalent, 
are  generally  used. 

The  odor  of  grindelia  is 
balsamic  and  the  taste 
resinous,  sharply  aromatic, 
and  slightly  bitter.  The 
drug  is  sometimes  used  in 
asthmatic  and  similar  af- 
fections, as  a  stomachic, 
tonic,  and  externally  in 
cases  of  poisoning  by  poison 
ivy. 

CAXADA  FLEABANE. 

Leplilon  canadense  (L.) 
Britton. 

Synonym . — E  rigeron 
canadensis  L. 

Other  common  names. — 
Erigeron,  h  o  r  s  e  w  e  e  d  , 
mare's-tail,    Canada    erig- 
eron,   butterweed,   bitter- 
weed,  cow's-tail,  colt's-tail,  fireweed,  bloodstanch,  hogweed,  pridewecd,  scabious. 

Habitat  and  range. — Canada  fleabane  is  common  in  fields  and  waste  places  and  along 
roadsides  almost  throughout  North  America.  It  is  also  widely  distributed  as  a  weed 
in  the  Old  World  and  in  South  America. 

Description. — The  size  of  this  weed,  which  is  an  annual,  depends  upon  the  kind  of 
soil  in  which  it  grows,  the  height  varying  from  a  few  inches  only  to  sometimes  10  feet 
in  favorable  soil.  The  erect  stem  is  bristly  hairy  or  sometimes  smooth,  and  in  the 
larger  plants  usually  branched  near  the  top.  The  loaves  are  usually  somewhat  hairy, 
the  lower  ones  1  to  4  int-hes  long,  broader  at  the  top  and  narrowing  toward  the  base, 
with  margins  toothed,  lobed,  or  unbroken,  while  those  scattered  along  the  stem 
are  rather  narrow  with  margins  generally  entire.  This  weed,  which  belongs  to  the 
aster  family  (Asteracete),  produces  from  June  to  November  numerous  heads  of  email, 
inconspicuous  white  flowers,  followed  by  an  abundance  of  seed.  (Fig.  30.) 
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Collection,  prices,  and  uses. — The  entire  herb  is  \ise<l;  it  should  be  collected  during 
the  tlowering  period  and  carefully  dried.     The  price  paid  is  about  5  to  6  cents  a  pound. 

By  distillation  of  the  fresh  flowering  herb  a  volatile  oil  is  obtained,  known  as  oil  of 
(leabane  or  oil  of  erigeron,  which  is  sometimes  employed  in  attempting  to  control 
hemorrhages  and  diarrheal  affections.  The  leaves  and  tops  were  formerly  ofiicial 
in  the  United  States  Pharmacopcipia,  from  1S20  to  ISSO,  but  the  oil  alone  is  now  recog- 
nized as  official.  The  herb, 
which  has  a  faint  agreeable 
odor  and  an  astringent  and 
bitter  taste,  is  also  used  for 
hemorrhages  from  various 
sources  and  the  bleeding 
of  wounds.  It  is  also  em- 
ployed in  diarrhea  and 
dropsy. 

YARROW. 

Achillea  millefolium.  L. 

Other  common  names. — 
^lillefolium,  milfoil,  thou- 
sand-leaf, thousand-1  eaf 
clover,  gordolobo,  green 
arrow,  soldier's  wound- 
wort, nosebleed,  dog  daisy, 
bloodwort, sanguinary,  car- 
penter's grass,  old-man 's- 
pepper,  cammock. 

Habitat  and  range. — Yar- 
row is  very  common  along 
roadsides  and  in  old  fields, 
pastures,  and  meadows 
from  the  New  England 
States  to  Missouri  and  in 
scattered  localities  in  other 
parts  of  the  country. 

Descriptio7i. —  This  weed, 
a    perennial    of    the    aster  ^^'^'  ■^'•~Yarrow   {Achillea   millefolium),   Icavos  and   flowers. 

family  (Asteraceae),  is  about  10  to  20  inches  in  height  and  has  many  dark-green 
feathery  leaves,  narrowly  oblong  or  lance  shaped  in  outline  and  very  finely 
divided  into  numerous  crowded  parts  or  segments.  Some  of  the  leaves,  especially 
the  basal  ones,  which  are  borne  on  stems,  are  as  much  as  10  inches  in  length  and 
about  half  an  inch  or  an  inch  in  width.  The  leaves  toward  the  top  of  the  plant 
become  smaller  and  stemless.  From  about  June  to  September  the  flat-topped  flow- 
ering heads  are  produced  in  abundance  and  consist  of  numerous  small,  white 
(sometimes  rose-colored),  densely  crowded  flowers.  (Fig.  31.)  Yarrow  has  a  strong 
odor,  and  when  it  is  eaten  by  cows  the  odor  and  bitter  taste  are  transmitted  to  dairy 
products. 
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Collection,  prices,  and  uses. — The  entire  plant  is  collected  at  the  time  that  it  is  iu 
flower  and  is  carefully  dried.  The  coarser  stems  are  rejected.  Considerable  shrinkage 
takes  place  in  drying,  the  plant  losing  about  four-filths  of  its  weight.  The  prices  paid 
for  yarrow  are  from  about  3  to  5  cents  a  pound.  Yarrow  was  official  in  the  United 
States  Pharmacopoeia  from  1860  to  1880.     It  has  a  strong,  aromatic  odor,  very  much 

like  chamomile,  and  a 
sharj:),  bitter  taste.  It  has 
been  used  as  a  stimulant 
tonic,  for  its  action  upon 
the  bladder,  and  for  check- 
ing excessive  discharges. 

TANSY. 

Tanaceluni  vidgare  L. 

Ollur  common  names. — 
Tanacetum,  bitter  but- 
tons, ginger  plant,  parsley 
fern,  scented  fern,  English 
cost,  hindheal. 

Habitat  and  range. — This 
is  .another  garden  plant 
introduced  into  this 
country  from  Europe  and 
now  escaped  from  cultiva- 
tion, occurring  as  a  weed 
along  waysides  and  fences 
from  Xew  England  to  ilin- 
nesota  and  soiithward  to 
North  Carolina  and  Mis- 
souri. 

Description.— Tansy  is 
strong-scented  perennial 
herb  with  finely  divided, 
fernlike  leaves  and  yel- 
low buttonliko  flowers,  and  belongs  to  the  aster  family  (Asteracete).  It  has  a  stout, 
somewhat  reddish,  erect  stem,  usually  smooth,  1^  to  3  feet  high,  and  branching  near 
the  top. 

The  entire  leaf  is  about  6  inches  long,  its  general  outline  oval,  but  it  is  divided 
nearly  to  the  midrib  into  about  seven  pairs  of  segments,  or  lobes,  which  like  the  ter- 
minal one  are  again  (li\  ided  for  about  two-thirds  of  the  distance  to  the  midvein  into 
smaller  lobes  having  saw-toothed  margins,  giving  to  the  leaf  a  somewhat  feathery  or 
fernlike  ai)pearance.  The  yellow  flowers,  borne  in  terminal  clusters,  are  roundish 
and  flat  topjxnl,  surrounded  by  a  set  of  dry,  overlai)ping  scales  (the  involucre).  (Fig. 
32.)    Tansy  is  in  flower  from  about  .Fidy  to  September. 

Collection,  prices,  and  us(S. — The  leaves  and  flowering  tops  of  tansy  are  collected  at 
the  time  of  flowering  and  are  carefully  dried.  They  lose  about  four-fifths  of  their 
weight  in  drying.     Their  price  ranges  from  about  3  to  5  cents  a  pound. 

Tansy  has  a  strong,  aromatic  odor  and  a  bitter  taste.  It  is  poisonous  and  has 
been  known  to  produce  fatal  results.  It  has  stimulant,  tonic,  and  enunenagogue 
properties  and  is  also  used  as  a  remedy  against  worms. 
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Fig.  3?.— Tansy  (Tanacetum  vvlgarc),  leaves  and  flowers. 
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AVOR^rWOOT). 


Artemisia  absinthium- T,. 


inadderwort,  mingwort,  old-woman, 


Synonym. — Artemisia  vulgaris  liani. 

Other  common  names.— Absinthium,  absintli, 
warmot,  nniswort. 

Habitat  and  range. — Wormwood,  naturalized  from  Europe  and  mo.«tly  escaped  from 
gardens  in  this  country,  is 
found  in  waste  places  and 
along  roadsides  from  New- 
foundland to  New  York 
and  westward.  It  is  occa- 
sionally cultivated. 

Description . — This  shrub- 
by, aromatic,  much- 
branched  perennial  of  the 
aster  family  (Asteracese)  is 
from  2  to  4  feet  in  height, 
hoary,  the  young  shoots 
silvery  white  with  fine 
silky  hairs.  The  grayish- 
green  leaves  are  from  2  to  5 
inches  long,  the  lower  long- 
stalked  ones  two  to  three 
times  divided  into  leaflets 
with  lance-shaped  lobes, 
the  upper  lea\'es  gradually 
becoming  more  simple  and 
stemless  and  borne  on  short 
stems  and  the  uppermost 
linear  with  unbroken  mar- 
gins. The  flower  clusters, 
appearing  from  July  to  Oc- 
tober, consist  of  numerous 
small,  insignificant,  droop- 
ing, flat-globular,  yellow 
heads.     (Fig.  33.) 

Collection,  prices,  atid 
uses. — \Mien  the  plant  is  in  flower  the  leaves  and  flowering  tops  are  collected. 
These  were  official  in  the  United  States  Pharmacopoeia  for  1890.  The  price  paid  for 
wormwood  is  about  4  cents  a  pound.  Wormwood  has  an  aromatic  odor  and  an  ex- 
ceedingly bitter  taste,  and  is  used  as  a  tonic,  stomachic,  stimulant,  against  fevers, 
and  for  expelling  worms. 

An  oil  is  obtained  from  wormwood  by  distillation  which  is  the  main  ingredient  in  the 
dangerous  liqueur  known  as  absinth,  long  a  pojjular  drink  in  France,  in  which  country, 
however,  the  use  of  the  oil  is  now  prohibited  except  by  pharmacists  in  making  up 
prescriptions. 
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Fig.  33. — Wormwood  (Artemisia  absinthium),  leaves  and  flowers. 
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COLTSFOOT. 


Tussilago  furfani  L . 

Other  common  names. — Coughwort,  assfoot,  horsefool,  foalfoot,  bull's-foot,  horsehoof, 
colt-herb,  clayweed,  cleats,  do^■e-dock,  dummywecd,  ginger,  gingerroot,  hoofs,  sowfoot, 
British  tobacco,  go  wan. 
Habitat  and  range. — Coltsfoot  has  been  naturalized  in  this  country  from  Europe,  and 

is  found  along  brooks  and 
in  wet  places  and  moiat 
clayey  soil  along  roadsides 
from  Nova  Scotia  and  New 
Brunswick  to  Massachu- 
setts, New  York,  and  Min- 
nesota. 

Df.^rription. — In  spring 
the  white-woolly,  scaly 
flowering  stalks  with  their 
yellow  blossoms  are  the 
first  to  appear,  the  leaves 
not  being  produced  until 
the  seed  has  formed  or  at 
least  toward  the  latter  part 
of  the  flowering  stage. 
The  flowering  stalks  are 
several,  arising  from  the 
root,  and  are  from  3  to  18 
inches  in  height,  each  one 
bearing  at  the  top  a  single, 
large  yellow  head,  remind- 
ing one  of  a  dandelion, 
having  in  the  center  what 
are  called  disk  flowers, 
which  are  tubular,  and 
surrounded  by  what  are 
known  as  ray  flowers, 
which  are  strap  shaped. 
l^Tien  the  seed  is  ripe  the  head  looks  somewhat  like  a  dandelion  "blow.  "  The  flow- 
ering heads  are  erect,  after  floAvering  nodding,  and  again  erect  in  fruit.  The  bright- 
yellow  flowers  only  open  in  sunshiny  weather.     They  have  a  honeylike  odor. 

The  leaves,  as  already  stated,  apjjear  when  the  flowers  are  almost  through  blossoming, 
or  even  afterwards.  They  are  large,  3  to  7  inches  wide,  almost  round  or  heart  shaped  in 
outline,  or,  according  to  some  of  the  names  applied  to  it,  shaped  like  a  horse's  hoof; 
the  margins  are  slightly  lol)ed  and  shar])ly  toothed.  The  upper  surface  is  smooth  and 
green,  while  the  lower  is  white  willi  den.'^ely  matted  woolly  hairs.  All  the  leaves  arise 
from  the  root  and  are  borne  on  long,  erect  stalks.     (Fig.  34 .) 

Collection,  prices,  and  uses. — All  jiarts  of  coltsfoot  are  active,  but  the  leaves  are 
mostly  employed;  they  should  be  collected  in  June  or  July,  or  about  the  time  when 
they  are  nearly  full  size.  "WTien  dry,  they  break  very  readily.  Collectors  are  paid 
about  8i  cents  a  pound. 

Coltsfoot  leaAes  form  a  popular  remedy  in  coughs  and  other  affections  of  the  chest 
and  throat,  having  a  soothing  effect  on  irritated  mucous  membranes. 
The  flowers  are  also  used;  likewise  the  root. 
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Fig.  34. 


-Coltsfoot  (Tiisxilaqo  far/ara),  plant  showinir  root,  Iravrs, 
and  flowers. 
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FIREWEED. 

Erechthites  hieradfolia  (L.)  Raf. 

Synonym. — Senecio  hieracifolius  L. 
Another  common  name. — Pilewort. 
Habitat  and  rayige.—Fireweed  is  found  in  woods,  fields,  and  waste  places  from  Canada 

to  Florida,  Louisiana, 
and  Nebraska,  springing 
np  in  especial  abun- 
dance where  land  has 
been  burned  over, 
whence  the  name  "fire- 
weed." 

Descriptio  n . — This 
weed  is  a  native  of  this 
country  and  is  an  ill- 
emelling  annual  belong- 
ing to  the  aster  family 
(Asteracea^).  The  stem 
is  from  1  to  8  feet 
in  height,  grooved, 
branched,  and  juicy. 
The  light-green  leaves 
are  rather  large,  from  2 
to  8  inches  long,  thin  in 
texture,  lance  shaped  or 
oval  lance  shaped,  the 
margins  toothed  or  some- 
timeg  deeply  cut.  The 
Tipper  ones  usually  have 
a  clasping  base  or  are  at 
least  stemless,  while  the 
margins  of  those  lower 
down  narrow  into  the 
stems. 

Fireweed  is  in  flower 
from  about  July  to  Sep- 
tember, the  flat-topped 
clusters  of  greenish-white  or  whitish  heads  being  produced  from  the  ends  of  the  stem 
and  branches.  The  green  outer  covering  of  each  flower  head  is  cylindrical,  with  the 
base  considerably  swollen.  (Fig.  35.)  The  seed  is  furnished  with  numerous  soft 
white  bristles. 

Collection,  prices,  and  u.ses.—The  entire  plant  is  used  and  is  gathered  in  summer. 
The  leaves  turn  black  in  drying.  The  price  paid  to  collectors  ranges  from  about  2  to  3 
cents  a  pound. 

An  oil  is  obtained  by  distillation  from  the  fresh  plant.     Fireweed  has  a  disagreeable 
taste  and  odor.     It  has  astringent,  tonic,  and  alterative  properties. 
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Fig.  35.— Fireweed  (Erechthites  hieracifnlia).  leaves  and  flowering  tops. 
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BLESSED    THISTLE. 


Cnicus  benedictuslj. 

Synonyms.— Centaurea   benedicta  L.;    Carduus  henedictus  Cam.;   Carbenia  benedicta 
Adans. 

Other  common  navMS. — Holy  thistle,  St.  Benedict's  thistle,  Our  Lady's  thistle,  bitter 
thistle,  spotted  thistle,  cursed  thistle,  blessed  cardus,  spotted  cardus. 

Habitat  and  range. — The 
blessed  thistle  is  a  weed 
which  has  been  introduced 
into  this  country  from 
southern  Europe  and  is 
found  in  waste  places  and 
stony,  uncultivated  locali- 
ties from  Xova  Scotia  to 
Maryland  and  the  South- 
ern States;  also  on  the 
Pacific  coast.  It  is  culti- 
vated in  many  parts  of 
Europe. 

Description. — In  height 
this  annual  plant  of  the 
aster  family  (Asteraceae) 
scarcely  exceeds  2  feet, 
with  coarse  erect  stems, 
branched  and  rather 
woolly.  The  leaves  are 
large,  3  to  6  inches  long  or 
more,  oblong  lance  shaped , 
thin,  more  or  less  hairy, 
with  margins  wa^y  lobed 
and  spiny.  The  lower 
leaves  and  those  at  the 
bottom  are  narrowed 
toward  the  base  into 
winged  stems,  while  those 
near  the  top  are  stemless 
and  clasping. 

The  yellow  flower  heads,  wliich  appear  from  about  May  to  August,  are  situated  at 
the  ends  of  the  branches,  almost  hidden  by  the  upper  leaves,  and  are  about  an  inch 
and  a  half  in  length.  Immediately  surrounding  the  yellow  flower  heads  are  scales 
of  a  leathery  texture,  tipped  -w-ith  long,  hard,  branching,  yellowish-red  spines. 
(Fig.  .36.) 

Collection,  prices,  and  uses.— The  leafy  flowering  tops  and  the  other  leaves  are  gath- 
ered prefera1)ly  just  before  or  during  the  blossoming  jieriod  and  then  are  thoroughly 
and  (luickly  dried.  In  the  fresh  state  the  leaves  and  tops  have  a  rather  disagreeable 
odor,  which  they  lose  on  drying.  They  are  bright  green  when  fresh  and  gra}dsh  green 
and  woolly  when  dry.     Collectors  receive  about  6  to  8  cents  a  pound. 

The  taste  of  the  blessed  thistle  is  very  bitter  and  salty  and  somewhat  acrid.  11  is 
used  principally  as  a  bitter  tonic. 
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Fig.  36.— Bles-sed  thistle  ( Cnicus  benedictus),  leaves  and  flowors. 
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Pat'e. 

Absinth,  same  as  wormwood 41 

Absinthium,  same  as  wormwood 41 

Achillea  millefolium,  description,  ransje,  uses,  etc 39^0 

Acute-lobed  liverleaf,  same  as  liverleaf 10 

Agueweed,  same  as  boneset 36 

Alder,  spotted,  same  as  witch-hazel - 12 

striped,  same  as  witch-hazel 12 

American  laurel,  same  as  mountain  laurel 17 

mint,  same  as  peppermint 28 

pennyroyal,  same  as  pennyroyal 26 

senna,  description,  ranee,  uses,  etc 13 

skullcap,  same  as  skullcap 22 

water  horehound,  same  as  bugleweed 27 

Anemone  hepatica,  synonym  for  Hepatica  hepatica 10 

Antimony,  vegetable,  same  as  boneset 36 

Apple,  devil's,  same  as  jimson  weed "     30 

of  Peru,  same  as  jimson  weed 30 

thorn,  same  as  jimson  weed 30 

Arbutus,  trailing,  same  as  gravel  plant 18 

Archangel,  green  and  purple,  same  as  bugleweed 27 

Arctostaphylos  glauca,  distinction  from  bearberry 20 

uva-ursi,  description,  range,  uses,  etc 20 

Aromatic  wintergreen,  same  as  wintergreen 19 

Arrow,  green,  same  as  yarrow 39 

Artemisia  absinthium,  description,  range,  uses,  etc 41 

vulgaris,  synonym  for  A.  absinthium 41 

Assfoot,  same  as  coltsfoot 42 

Asthma  weed^same  as  lobelia 35 

Balm,  mountain,  same  as  yerba  santa 15 

stinking,  same  as  pennyroyal 26 

Balmony,  description,  range,  uses,  etc 31 

Bean,  bog,  same  as  buck  bean 21 

brook,  same  as  buck  bean 21 

buck,  description,  range,  uses,  etc 21 

trefoil,  same  as  buck  bean 21 

Bearberry,  description,  range,  uses,  etc 20 

red,  same  as  bearberry 20 

Bear's  bilberry,  same  as  bearberry 20 

grape,  same  as  bearberry 20 

weed,  same  as  yerba  santa 15 

whortleberry,  same  as  bearberry 20 

Bells,  fairy,  same  as  foxglove 32 

Betony,  Paul's,  same  as  bugleweed  and  common  speedwell 27,  32 

wood,  same  as  bugleweed 27 

Big-leaved  ivy,  same  as  mountain  laurel 17 

Bilberry,  bear's,  same  as  bearberry 20 
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Bitter  buttons,  same  as  tansy 40 

herb,  same  as  balmony 31 

thistle,  same  as  blessed  thistle 44 

trefoil,  same  as  buck  bean 21 

wiutergreen,  same  as  pipsissewa 16 

Bitterweed,  same  as  Canada  fleabane 3S 

Bitterworm,  same  as  buck  bean 21 

Bladder  pod,  same  as  lobelia 35 

Blessed  cardus,  same  as  blessed  thistle 44 

thistle,  description,  range,  uses,  etc 44 

Bloodstanch,  same  as  Canada  fleabane 38 

Bloodwort ,  same  as  yarrow 39 

Bloom,  turtle,  same  as  balmony 31 

Bog  bean,  same  as  buck  bean : 21 

hop,  same  as  buck  bean 21 

mj-Ttle,  same  as  buck  bean 21 

nut,  same  as  buck  bean 21 

Boneset,  description,  range,  uses,  etc 36 

wood,  same  as  boneset 36 

Box,  mountain,  same  as  bearberry 20 

wild  running,  same  as  squaw  vine 34 

Boxberry,  same  as  wintergreen  and  squaw  vine in,  34 

Brandy  mint,  same  as  peppermint 28 

Brawlins,  same  as  bearberry 20 

British  tobacco,  same  as  coltsfoot 42 

Broad-leaved  laurel,  same  as  mountain  laiu-el 17 

Brook  bean,  same  as  buck  bean 21 

Buck  bean,  description,  range,  uses,  etc 21 

Bugle,  water,  same  as  bugleweed 27 

Bugleweed,  description,  range,  uses,  etc 27 

sweet,  same  as  bugleweed 27 

Buglewort,  same  as  bugleweed 27 

Bull's-foot,  same  as  coltsfoot 42 

Burren  myrtle,  same  as  bearberry 20 

Butterweed,  same  as  Canada  fleabane - 38 

Buttons,  bitter,  same  as  tansy 40 

Calico  bush,  same  as  mountain  laurel 17 

Calmoun,  same  as  mountain  laurel 17 

Cammock,  aame  as  yarrow 39 

Canada  erigeron,  same  as  Canada  fleabane 38 

fleabane,  description,  range,  uses,  etc 7, 38-39 

sweet  gale,  same  as  sweet  fern 9 

Cauadian  tea,  same  as  wintergreen 19 

Cap,  fairy,  same  as  foxglove 32 

Carbenia  benedicta,  synonym  for  Cnicus  benedictus 44 

Cardiaca  vulgaris,  synonym  for  I.conunis  cardiaca 25 

Cardus,  blessed,  same  as  blessed  thistle 44 

spotted,  same  as  blessed  thistle 44 

Carduus  benedictus,  synonym  for  Cnicus  benedictus 44 

Carpenter 's  grass,  same  as  yarrow 39 

herb,  same  as  bugleweed 27 

Cassia  marilandica,  description,  range,  uses,  etc .- 13 
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Cataria,  same  as  catnij) 24 

Catmint,  same  as  catnip 24 

Catnip,  description,  range,  uses,  ek- 24 

Catnip,  same  as  catnip 24 

Catwort,  same  as  catnip 24 

Celandine,  descrii)lion,  ran<^e,  uses,  etc 11 

garden,  same  as  celandine 11 

greater,  same  as  celandine 11 

Centaurea  benedicta,  synonym  for  Cnicus  benedictus 44 

Checkerberry,  same  as  wintergreen  and  squaw  vine 19,  34 

.Chelidonium  majus,  description,  range,  uses,  etc 11 

same  as  celandine 11 

Chelone  glabra,  description,  range,  uses,  etc 31 

Chickenberry,  same  as  wintergreen  and  squaw  vine 19,  34 

Chimaphila  corymbosa,  synonym  for  C.  umbellata 16 

maculata,  distinction  from  pipsissewa 16 

pharmacopoeial  name  of  pipsissewa 16 

umbellata,  description,  range,  uses,  etc 16 

Chinks,  same  as  wintergreen 19 

Clayweed,  same  as  coltsfoot 42 

Cleats,  same  as  coltsfoot 42 

Clover,  marsh,  same  as  buck  bean 21 

thousand-leaf,  same  as  yarrow 39 

winter,  same  as  squaw  vine 34 

Cluster,  wax,  same  as  wintergreen 19 

Cnicus  benedictus,  description,  range,  uses,  etc 44 

Cockfoot,  same  as  celandine ■ 11 

Codhead,  same  as  balmony 1 . .  31 

Collection  of  medicinal  leaves  and  herbs,  directions 7-8 

Colt-herb,  same  as  coltsfoot 42 

Coltsfoot,  description,  range,  uses,  etc 42 

Colt's-tail,  same  as  Canada  fleabane 38 

Common  evening  primrose,  same  as  evening  primrose 14 

liverleaf,  same  as  liverleaf 10 

speedwell,  description,  range,  uses,  etc 32 

Comptonia  asplenifolia,  synonym  for  C.  peregrina 9 

peregrina,  description,  range,  uses,  etc 9 

Consumptive's  weed,  same  as  yerba  santa 15 

Cost,  English,  same  as  tansy 40 

Cottagers,  same  as  foxglove 32 

Coughwort,  same  as  coltsfoot 42 

Cowberry,  same  as  squaw  vine 34 

Cow's-tail,  same  as  Canada  fleabane 38 

Cowthwort,  same  as  motherwort 25 

Cranberry,  mountain,  same  as  bearberry 20 

upland,  same  as  bearberry 20 

Creashak,  same  as  bearberry 20 

Creeping  wintergreen,  same  as  wintergreen 19 

Crosswort,  same  as  boneset 36 

Crowberry ,  same  as  bearberry 20 

Cure,  king's,  same  as  pipsissewa 16 

Cure-all,  king's,  same  as  evening  primrose 14 

Cursed  thistle,  same  as  blessed  thistle 44 
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Daisy,  dog,  same  as  yarrow 39 

Datura  stramonium,  description,  range,  uses,  etc 30 

Deerberry,  same  as  wintergreen  and  squaw  \-ine 19,  34 

Devil's-apple,  same  as  jimson  weed 30 

milk,  same  as  celandine 11 

trumpet ,  same  as  jimson  weed 30 

Dewtry ,  same  as  jimson  weed 30 

Digitalis  and  D.  purpurea,  description,  range,  uses,  etc 32-33 

Dock,  flap  and  flop,  same  as  foxglove 32 

Dog  daisy,  same  as  yarrow 39 

Dog's-finger,  same  as  foxglove 32 

Dove-dock,  same  as  coltsfoot 42 

Drunkards,  same  as  ^^antergreen 19 

Drying  medicinal  leaves  and  herbs,  directions 8 

Dummyweed,  same  as  coltsfoot 42 

Emetic  herb,  same  as  lobelia 35 

English  cost,  same  as  tansy 40 

Epigaea  repens,  description,  range,  uses,  etc 18 

Erechthites  hieracifolia,  description,  range,  uses,  etc 43 

Erigeron,  Canada,  same  as  Canada  fleabane 38 

canadensis,  synonym  for  Leptilon  canadense 38 

same  as  Canada  fleabane 38 

Eriodictyon  and  E.  californicum,  description,  range,  uses,  etc 15 

glutinosum,  synonym  for  E.  californicum 15 

Eupatorium  and  E.  perforatum,  description,  range,  uses,  etc 36 

connatum,  synonym  for  E.  perfoliatum 36 

Evening  primrose,  common,  same  as  evening  primrose 14 

description,  range,  uses,  etc 14 

field,  same  as  evening  primrose 14 

wild,  same  as  evening  primrose 14 

Eyebright,  same  as  lobelia 35 

Fairy  bells,  same  as  foxglove 32 

cap,  same  as  foxglove 32 

fingers,  same  as  foxglove 32 

thimbles,  same  as  foxglove 32 

Felonwort,  same  as  celandine 11 

Fern  bush,  same  as  sweet  fern 9 

gale,  same  as  sweet  fern 9 

meadow,  same  as  sweet  fern 9 

parsley,  same  as  tansy 40 

scented-,  same  as  tansy 40 

shrubby,  same  as  sweet  fern 9 

sweet,  description,  range,  uses,  etc 9 

Ferry,  sweet,  same  as  sweet  fern 9 

Fever  plant,  same  as  evening  primrose 14 

Feverwort,  same  as  boneset 36 

Field  evening  primrose,  same  as  evening  primrose .■ 14 

mint,  same  as  catnip 24 

Finger  flower,  same  as  foxglove 32 

Fingers,  fairy,  same  as  foxglove 32 

Fireweed,  description,  range,  uses,  etc 7,  43 

same  as  jimson  weed  and  Canada  fleabane 30,  38 
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Fishmouth,  same  as  balmony 31 

Flap  dock,  same  as  foxglove 32 

Fleabane,  Canada,  description,  range,  uses,  etc 7, 38-39 

Flop  dock,  same  as  foxglove 32 

Fluellin,  same  as  common  speedwell 32 

Foalfoot,  same  as  coltsfoot 42 

Foxberry,  same  as  bearberry  and  squaw  vine 20, 34 

Foxglove,  description,  range,  uses,  etc 32-33 

purple,  same  as  foxglove 32 

Gagroot,  same  as  lobelia ■ 35 

Gale,  Canada  sweet,  same  as  sweet  fern 9 

fern,  same  as  sweet  fern 9 

Garden  celandine,  same  as  celandine 11 

mint,  same  as  si^earmint. 29 

Gathering  medicinal  leaves  and  herbs,  directions 7-8 

Gaultheria  procumbens,  description,  range,  uses,  etc 19 

same  as  wintergreen 19 

Ginger  plant,  same  as  tansy 40 

same  as  coltsfoot 42 

Gingerroot,  same  as  coltsfoot 42 

Golden  trefoil,  same  as  liverleaf 10 

Gordolobo,  same  as  yarrow 39 

Gowan,  same  as  coltsfoot 42 

Grape,  bear's,  same  as  bearberry 20 

Grass,  carpenter's,  same  as  yarrow 39 

Gravel  plant,  description,  range,  uses,  etc , . . .  18 

Greater  celandine,  same  as  celandine 11 

Green  archangel,  same  as  bugleweed 27 

arrow,  same  as  yarrow 39 

Grindelia,  description,  range,  uses,  etc 37-38 

robusta,  description,  range,  uses,  etc 37-38 

scaly,  description,  range,  uses,  etc 37 

squarrosa,  description,  range,  uses,  etc 37-38 

Ground  hele,  same  as  common  speedwell 32 

holly,  same  as  pipsissewa 16 

laurel,  same  as  gravel  plant 18 

Groundberry,  same  as  wintergreen 19 

Grouseberry,  same  as  wintergreen 19 

Gum  plant,  broad-leaved,  same  as  Grindelia  squarrosa 37 

descrijDtion,  range,  uses,  etc , 37-38 

same  as  yerba  santa 15 

Gypsy  herb,  same  as  bugleweed 27 

weed,  same  as  bugleweed 27 

wort,  same  as  bugleweed 27 

Hamamelidis  folia,  pharmacopceial  name  for  witch-hazel 12 

Hamamelis  virginiana,  description,  range,  uses,  etc 12 

Harvesting  medicinal  leaves  and  herbs,  directions 7-8 

Hazel,  snapping,  same  as  witch-hazel 12 

Heart  liverleaf,  same  as  liverleaf 10 

liverwort,  same  as  liverleaf 10 

Hedeoma  and  H.  pulegioides,  description,  range,  uses,  etc 26 
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Hepatica  acuta,  description,  range,  uses,  etc 10-11 

acutiloba,  synonym  for  H.  acuta 10 

hepatica,  description,  range,  uses,  etc 10-11 

round-leaved,  same  as  liverleaf ; 10 

eharp-lobed,  same  as  liverleaf 10 

triloba,  synonym  for  H.  hepatica 10 

var.  acuta,  synonym  for  H.  acuta 10 

Herb-trinity,  same  as  liverleaf 10 

Hillberry ,  same  as  AA^intergreen 19 

Hindheal,  same  as  tansy 40 

Hive  vine,  same  as  squaw  vino 34 

Hogweed,  same  as  Canada  flcabane 38 

Holly,  ground,  same  as  pipsissewa 16 

Holy  thistle,  same  as  blessed  thistle 44 

Hooded  willow-herb,  same  as  skullcap , 22 

Hoodwort,  same  as  skullcap 22 

Hoofs,  same  as  coltsfoot 42 

Hop,  bog,  same  as  buck  bean 21 

Horehound,  American  water,  same  as  bugleweed 27 

description,  range,  uses,  etc 23 

Virginia,  same  as  bugleweed 27 

Horsefoot,  same  as  coltsfoot 42 

Horsehoof ,  same  as  coltsfoot 421 

Hoi'seweed ,  same  as  Canada  fleabane 38 

Houndsbene,  same  as  horehound 23 

Indian  sage,  same  as  boneset 36 

tobacco,  same  as  lobelia 35 

Isaac,  wild,  same  as  boneset 36 

Ivory  plum,  same  as  wintergreen 19 

Ivy,  big-leaved,  same  as  mountain  laurel 17 

bush,  same  as  mountain  laurel 17 

flower,  same  as  liverleaf 10 

Ivyberry,  same  as  wnntergreen 19 

Jacob's  ladder,  same  as  celandine 11 

Jamestown  lily,  same  as  jimson  weed 30 

weed,  same  as  jimson  weed 30 

Jimson  weed,  description,  range,  uses,  etc 30 

Kalmia,  broad-leaved,  same  as  mountain  laurel 17 

latifolia,  description,  range,  uses,  etc 17 

same  as  mountain  laurel 17 

Kidney  liverleaf,  same  as  liverleaf 10 

Killikinnic,  same  as  bearberry 20 

Killwart,  same  as  celandine 11 

King's  cure,  same  as  pipsissewa 16 

cure-all,  same  as  evening  prinn-ose 14 

Kinnikinnic,  same  as  l^earbcrry 20 

Ladder,  Jacob's,  same  as  celandine 11 

Lady 's-finger,  same  as  foxglove 82 

glove,  same  as  foxglove 32 

thimble,  same  as  foxglove 32 
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Lamb  mint ,  same  as  peppermint  and  spearmint 28,  29 

Lammint,  same  as  peppermint : 28 

Laurel,  American,  same  as  mountain  laurel 17 

broad-leaved,  same  as  mountain  laurel 17 

ground,  same  as  gravel  plant 18 

mountain,  description,  range,  uses,  etc 17 

rose,  same  as  mountain  laurel 17 

sheep,  same  as  mountain  laurel 17 

small,  same  as  mountain  laurel 17 

spurge,  same  as  mountain  laurel 17 

wood ,  same  as  mountain  laurel 17 

Leonurus  rardiaca,  description,  range,  uses,  etc 25 

Leptilon  caiiadense,  description,  range,  uses,  etc 38-39 

Lily,  Jamestown,  same  as  jimson  weed 30 

Lion's-ear,  same  as  motherwort 25 

mouth,  same  as  foxglove 32 

tail,  same  as  motherwort 25 

Liquidambar  asplenifolia  and  L.  peregrina,  synonyms  for  Comptonia  peregrina . .  9 

Liverleaf,  acnte-lobed,  same  as  liverleaf 10 

common,  same  as  liverleaf 10 

description,  range,  uses,  etc 10-11 

heart,  same  as  liverleaf 10 

kidney,  same  as  liverleaf 10 

sharp-lobed,  same  as  liverleaf 10 

Liverweed,  same  as  liverleaf 10 

Liverwort,  heart,  same  as  liverleaf 10 

nol)le,  same  as  liverleaf - .  10 

same  as  liverleaf 10 

three-leaved,  same  as  liverleaf 10 

Lobelia  and  L.  inflata,  description,  range,  uses,  etc 35 

Lochman,  C.  L.,  photographer  of  plants  for  illustrations 7 

Locust  plant,  same  as  American  senna 13 

Love-in-winter,  same  as  pipsissewa 16 

Low  belia,  same  as  lobelia 35 

Lycopus  virginicus,  description,  range,  uses,  etc 27 

Mackerel  mint,  same  as  spearmint 29 

Mad-apple,  same  as  jimson  weed 30 

Madderwort,  same  as  wormwood 41 

Mad-dog  skullcap,  same  as  skullcap 22 

Madweed,  same  as  skullcap 22 

Manzanita,  distinction  from  bearberry 20 

Mare's-tail,  same  as  Canada  fieabane. 38 

Marrube,  same  as  horehound 23 

Marrubium  and  M.  vulgare,  description,  range,  uses,  etc 23 

Marsh  clover,  same  as  buck  bean 21 

trefoil,  same  as  buck  bean 21 

Marvel,  same  as  horehound 23 

Mayflower,  same  as  gravel  plant • 18 

Meadow  fern,  same  as  sweet  fern 9 

Mealberry ,  same  as  bearberry 20 

Mentha  piperita,  description,  range,  uses,  etc 28-29 

spicata,  description,  range,  uses,  etc 29 
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Mentha  viridis,  pharmacopoeial  name  and  synonym  for  j\I.  spicata 29 

Menyanthes  trifoliata,  description,  range,  uses,  etc 21 

Mercury,  Scotch,  same  as  foxglove 32 

Milfoil,  same  as  yarrow 39 

Milk,  devil's,  same  as  celandine 11 

Millefolium,  same  as  yarrow 39 

Mingwort,  same  as  wormwood 41 

Mint,  American,  same  as  peppermint 28 

brandy,  same  as  peppermint 28 

brown,  same  as  spearmint 29 

field,  same  as  catnip 24 

garden,  same  as  spearmint 29 

lamb,  same  as  peppermint  and  spearmint 28,  29 

mackerel,  same  as  spearmint 29 

Our  Lady's,  same  as  spearmint 29 

same  as  spearmint 29 

squaw,  same  as  pennyroyal 26 

State,  same  as  peppermint. 28 

Mitchella  repens,  description,  range,  uses,  etc 34 

Mock  penn>Toyal,  same  as  pennyi-oyal 26 

Moonflower,  same  as  buck  bean 21 

Mosquito  plant,  same  as  pennyroyal 26 

Motherwort,  description,  range,  uses,  etc 25 

Mountain  balm,  same  as  yerba  santa 15 

box,  same  as  bearberry 20 

cranberry,  same  as  bearberry 20 

laurel,  description,  range,  uses,  etc 17 

pink,  same  as  gravel  plant 18 

tea,  same  as  wintergreen 19 

Mouse-ears,  same  as  liverleaf 10 

Mugwort,  same  as  wormwood 41 

Myrica  asplenifolia,  s>Tion>Tii  for  Comptonia  peregrina 9 

Myrtle,  bog,  same  as  buck  bean 21 

burren,  same  as  bearberry 20 

Nepeta  cataria,  description,  range,  uses,  etc 24 

Night  willow-herb,  same  as  evening  primrose 14 

Noble  liverwort,  same  as  liverleaf 10 

pine,  same  as  pipsissewa 16 

Nosebleed,  same  as  yarrow 39 

Nut,  bog,  same  as  buck  bean 21 

Oenothera  biennis,  description,  range,  uses,  etc 14 

muricata,  sjTiofnym  for  O.  biennis 14 

Oils,  useful,  plants  yielding 7 

Old-man's-pepper,  same  as  yarrow .- 39 

woman ,  same  as  wormwood 41 

Onagra  biennis,  synonym  for  Oenothera  biennis 14 

Oneberrj',  same  as  squaw  vine 34 

Our  Lady's  mint,  same  as  spearmint 29 

thistle,  same  as  blessed  thistle 44 

Packing  medicinal  leaves  and  herbs,  directions 8 

Parsley  fern,  same  as  tansy 40 
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Partridge  berry,  same  as  wintergreen  and  squaw  vine 19, 34 

vine,  same  as  squaw  vine 34 

Paul's  betoiiy,  same  as  bugleweed  and  common  speedwell 27,  32 

Pennyi-oyal,  American,  same  as  i)ennyroyal 2r> 

description,  range,  uses,  etc 7,  26 

mock,  same  as  pennyroyal 26 

Peppermint,  description,  range,  uses,  etc 7,  28-29 

Pigeonberry,  same  as  squaw  vine 34 

Pilewort,  same  as  fireweed 43 

Pimpernel,  blue,  same  as  skullcap 22 

Pine,  noble,  same  as  pipsissewa 16 

prince's,  same  as  pipsissewa 16 

tulip,  same  as  pipsissewa 16 

Pink,  mountain,  and  winter  pink,  same  as  gravel  plant 18 

Pipsissewa,  description,  range,  uses,  etc 16 

Plants  furnishing  medicinal  leaves  and  herbs 9-44 

Plum,  ivory,  same  as  wintergreen 19 

squaw,  same  as  squaw  vine 34 

Pullom,  red,  same  as  wintergreen 19 

Popdock,  same  as  foxglove 32 

Prices,  approximate,  of  medicinal  leaves  and  herbs 8 

See  also  under  each  plant  described. 

Prideweed,  same  as  Canada  fleabane 38 

Priim-ose,  common  evening,  same  as  evening  primrose 14 

evening,  description,  range,  uses,  etc 14 

field  evening,  same  as  evening  primrose 14 

tree,  same  as  evening  primrose -  -  -  -  14 

wild  evening,  same  as  evening  primrose 14 

Prince's  pine,  same  as  pipsissewa 16 

Puke  weed,  same  as  lobelia 35 

Purple  archangel,  same  as  bugleweed 27 

foxglove,  same  as  foxglove 32 

Pyrola,  same  as  pipsissewa 16 

umbellata,  synonym  for  Chimaphila  iimbellata 16 

Rabbit's-flower,  same  as  foxglove 32 

Rampion,  large,  same  as  evening  prirmose 14 

Rapper  dandies,  same  as  wintergreen  and  bearberry 19,  20 

Red  bearberry,  same  as  bearberry 20 

poUom,  same  as  wintergreen 19 

Redberry  tea,  same  as  wintergreen 19 

Rheumatism  weed,  same  as  pipsissewa 16 

Rockberry,  same  as  bearberry 20 

Rose  laurel,  same  as  mountain  laurel 17 

Round-leaved  hepatica,  same  as  liverleaf 10 

Running  box,  wild,  same  as  squaw  vine 34 


Sagachomi,  same  as  bearberry 20 

Sage,  Indian,  same  as  boneset 36 

of  Bethlehem,  same  as  spearmint 29 

wild,  same  as  boneset 36 

St.  Benedict's  thistle,  same  as  blessed  thistle 44 

Salt-rheum  weed,  same  as  balmony 31 

Sanguinary,  same  as  yarrow 39 

Scabious,  same  as  Canada  fleabane 38 
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Scabish,  same  as  evening  primrose 14 

Scaly  grindelia,  same  as  gum  plant 37 

Scented  fern,  same  as  tansy '^^ 

Sco  tch  mercury,  same  as  foxglove 32 

Scurvish,  same  as  evening  primrose 14 

Scutellaria  and  S.  lateriflora,  description,  range,  uses,  etc 22 

Senecio  hieracifolius,  sjoionym  for  Erechthites  hieracifolia 43 

Senna,  American,  description,  range,  uses,  etc 13 

marilandica,  synonym  for  Cassia  marilandica 13 

wild,  same  as  American  senna 13 

Shadflower,  same  as  gravel  plant 18 

Shamrock,  water,  same  as  buck  bean 21 

Sharp-lobed  hepatica,  same  as  liverleaf 10 

liverleaf ,  same  as  liverleaf 10 

Sheep  laurel,  same  as  mountain  laurel 17 

Shell  flower,  same  as  balmony 31 

Shrubby  fern,  same  as  sweet  fern 9 

Side-flowering  skullcap,  same  as  skullcap 22 

Skullcap,  American,  same  as  skullcap 22 

blue,  same  as  skullcap 22 

description,  range,  uses,  etc 

mad-dog,  same  as  skullcap 22 

side-flowering,  same  as  skullcap 22 

Small  laurel,  same  as  mountain  laurel 17 

Snakeberry,  same  as  squaw  vine 34 

Snakehead,  same  as  balmony 31 

Snapping  hazel,  same  as  witch-hazel H 

Soldier's  woundwort,  same  as  yarrow 39 

Sowfoot,  same  as  coltsfoot 4L 

Spearmint,  description,  range,  uses,  etc 7,  29 

Speedwell,  common,  description,  range,  uses,  etc 32 

upland,  same  as  common  speedwell 32 

Spiceberry,  same  as  wintergreen 19 

Spicy  wintergreen,  same  as  wintergreen 19 

Spleenwort  bush,  same  as  sweet  fern 9 

Spoonhunt,  same  as  mountain  laurel 17 

Spoonwood,  same  as  mountain  laurel 1' 

Spotted  alder,  same  as  ^vitch-hazel 12 

cardus,  same  as  blessed  thistle 44 

thistle,  same  as  blessed  thistle 44 

wintergreen,  distinction  from  pipsissewa 16 

Spring  Avintergreen,  same  as  wintergreen 19 

Spurge  laurel,  same  as  mountain  laurel 17 

Squaw  mint,  same  as  pennyroyal 26 

plum,  same  as  squaw  vine 34 

vine,  description,  range,  uses,  etc 34 

Squawberry,  same  as  squaw  vine 34 

Squirrel  cup,  same  as  liverleaf 10 

State  mint,  same  as  peppermint 28 

Stinking  balm,  same  as  pennyroyal 26 

Stinkweed,  same  as  jimson  weed 30 

Stinkwort,  same  as  jimson  weed 30 

Storage  of  medicinal  leaves  and  herbs,  directions , 8 
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Stramonium,  description,  range,  uses,  etc 30 

Striped  alder,  same  as  witch-hazel 12 

Swallowwort,  same  as  celand ine H 

Sweating  plant,  same  as  l)oiieset 36 

Sweet  bugleweed,  same  as  bugleweed 27 

bush,  same  as  sweet  feni 9 

fern,  description,  range,  uses,  etc 9 

ferry,  same  as  sweet  fern 9 

gale,  Canada,  same  as  sweet  fern 9 

Tanacetum,  same  as  tansy 40 

vulgare,  descripticm,  range,  uses,  etc 40 

Tansy,  description,  range,  uses,  etc 7, 40 

Tarwced,  same  as  yerba  santa 15 

Tea,  Canadian,  same  as  wintergreen 19 

mountain,  same  as  wintergreen 19 

redberry,  same  as  wintergreen 19 

Teaberry,  same  as  wintergreen 19 

Tearal,  same  as  boneset 36 

Teasel,  same  as  boneset 36 

Tetterwort,  same  as  celandine H 

Thimbles  and  fauy  thimbles,  same  as  foxglove 32 

Thistle,  bitter,  same  as  blessed  thistle 44 

blessed,  description,  range,  uses,  etc 44 

cursed,  same  as  blessed  thistle 44 

holy,  same  as  blessed  thistle 44 

Our  Lady's,  same  as  blessed  thistle 44 

St.  Benedict's,  same  as  blessed  thistle 44 

spotted,  same  as  blessed  thistle 44 

Thorn-apple,  same  as  jimson  weed 30 

Thorough-stem,  same  as  boneset 36 

wax,  same  as  boneset 36 

wort,  same  as  boneset 36 

Thousand-leaf  clover,  same  as  yarrow 39 

same  as  yarrow 39 

Three-leaved  liverwort,  same  as  liverleaf 10 

Throatwort,  same  as  foxglove 32 

Throwwort,  same  as  motherwort 25 

Tickweed,  same  as  pennjToyal 26 

Tobacco,  British,  same  as  coltsfoot 42 

Indian,  same  as  lobelia 35 

wild,  same  as  lobelia 35 

wood,  same  as  mtch-hazel 12 

Trailing  arbutus,  same  as  gravel  plant -' 18 

Tree  primrose,  same  as  evening  primrose - 14 

Trefoil,  bean,  same  as  buck  bean 21 

bitter,  same  as  buck  bean 21 

golden,  same  as  liverleaf 10 

marsh,  same  as  buck  bean 21 

water,  same  as  buck  bean 21 

Trumpet,  devil's,  same  as  jimson  weed 30 

Tulip,  pine,  same  as  pipsissewa 1^ 

Turtle  bloom,  same  as  balmony 31 

Turtlehead,  same  as  balmony 31 

Tussilago  farf ara,  description,  range,  uses,  etc 42 
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T winberry ,  same  as  squaw  vine 34 

Two-eyed  berry,  same  as  squaw  vine 34 

Universe  vine,  same  as  bearberry 20 

Upland  cranberry,  same  as  bearberry 20 

speedwell,  same  as  common  speedwell 32 

Uva  ursi,  description,  range,  uses,  etc 20 

Vegetable  antimony,  same  as  boneset 36 

Veronica  officinalis,  description,  range,  uses,  etc 32 

Virginia  horehound,  same  as  bugleweed 27 

Vomitwort,  same  as  lobelia 35 

Warmot,  same  as  wormwood 41 

Wart  flower,  same  as  celandine 11 

Wartweed,  same  as  celandine 11 

Wartwort,  same  as  celandine 11 

Water  bugle,  same  as  bugleweed 27 

horehound,  American,  same  as  bugleweed 27 

shamrock,  same  as  buck  bean 21 

trefoil,  same  as  buck  bean 21 

Wax  cluster,  same  as  wintergreen 19 

Whortleberry,  bear's,  same  as  bearberry 20 

Wicky,  same  as  mountain  laurel 17 

W^ild  evening  primrose,  same  as  evening  primrose 14 

isaac,  same  as  boneset 36 

running  box,  same  as  squaw  vine 34 

sage,  same  as  boneset 36 

senna,  same  as  American  senna 13 

tobacco,  same  as  lobelia 35 

Willow-herb,  hooded,  same  as  skullcap 22 

night,  same  as  evening  primrose 14 

Winter  clover,  same  as  squaw  vine 34 

pink,  same  as  gravel  plant 18 

Winterbloom,  same  as  witch-hazel 12 

Wintergreen,  aromatic,  same  as  wuitergreen 19 

bitter,  same  as  pipsissewa 16 

creeping,  same  as  wintergreen 19 

description,  range,  uses,  etc 7, 19 

spicy,  same  as  wintergreen 19 

spotted,  distinction  from  pipsissewa 16 

.    spring,  same  as  wintergreen 19 

Witch-hazel,  description,  range,  uses,  etc 12 

Wolf  foot,  same  as  bugleweed 27 

Wood  betony,  same  as  bugleweed 27 

boneset,  same  as  boneset 36 

laurel,  same  as  mountain  laurel 17 

tobacco,  same  as  witch-hazel 12 

Wormwood,  description,  range,  uses,  etc 7,  41 

Woundwort,  soldier's,  same  as  yarrow 39 

Wretweed,  same  as  celandine 11 

Wych-hazel,  same  as  witch-hazel 12 

Yarrow,  description,  range,  uses,  etc 39-40 

Yerba  santa,  description,  range,  uses,  etc 15 
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LETTER  OE  TRANSMITTAL. 


U.  S.  Department  or  Agriculture, 

Bureau  or  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  Apnl  15, 1911. 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "  Rela- 
tion of  Dron^rht  to  Weevil  Resistance  in  Cotton,''  by  Mr.  O.  F.  Cook, 
of  this  Bureau,  and  to  recommend  its  publication  as  Bulletin  No. 
220  of  the  Bureau  series. 

It  has  been  ascertained  that  dry  weather  gives  a  distinct  advantage 
in  the  production  of  cotton  in  the  presence  of  the  boll  weevil.  This 
relation  is  being  taken  into  account  in  improving  varieties  and  cul- 
tural methods  in  the  direction  of  weevil  resistance.  The  present  re- 
port shows  that  several  biological  factors  must  be  considered  in  the 
study  of  the  practical  problem  of  securing  a  rapid,  uninterrupted 
development  of  the  crop. 

Respectfully,  Wm.  A.  Taylor, 

Acting  Chief  of  Bureau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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B.    I'.    I.— 671. 


RELATION  OF  DROUGHT  TO  WEEVIL 
RESISTANCE  IN  COTTON. 


INTRODUCTION. 

An  important  relation  between  weevil  resistance  and  drought 
resistance  has  been  recognized  for  several  years  past.  Special  ability 
to  resist  drought  is  to  be  reckoned  as  one  of  the  factors  of  w^eevil  re- 
sistance, because  more  drought-resistant  varieties  can  be  grown  in 
the  drier  regions  of  the  Southwest,  where  the  weevils  are  often 
unable  to  propagate  and  do  relatively  little  damage.  A  rapid  exten- 
sion of  cotton  culture  is  taking  place  in  this  part  of  the  United 
States. 

The  farming  public  in  Texas  is  coming  to  look  upon  dry  weather 
in  the  early  part  of  the  season  as  the  most  important  factor  in  the 
production  of  a  good  crop  of  cotton.  At  first  it  was  supposed  that 
the  fate  of  the  weevils  during  the  winter  would  determine  the  possi- 
bilities of  production  in  the  following  season.  Measures  for  reduc- 
ing the  number  of  weevils  in  the  fall  and  spring  received  much 
attention,  but  it  is  now  understood  that  dry  weather  makes  it  possible 
to  secure  a  crop,  even  in  a  season  when  the  weevils  survive  the  winter 
in  larjje  numbers.  In  southern  and  western  Texas  the  reduction  of 
weevil  injuries  by  drought  is  a  very  definite  factor  of  weevd  re- 
sistance, tending  to  place  these  regions  more  nearly  on  a  basis  of 
equality  with  other  parts  of  the  State  for  purposes  of  cotton  produc- 
tion. In  favorable  seasons  the  same  factor  of  dry  weather  becomes 
effective  over  much  larger  areas,  as  notably  illustrated  in  the  last  two 
years,  1909  and  1010. 

In  order  to  take  full  advantage  of  other  measures  for  combating 
the  weevils,  the  relation  of  drought  to  the  behavior  of  the  growing 
plants  must  be  considered,  no  less  than  the  direct  effect  of  the  drought 
upon  the  weevils.  Questions  of  the  value  of  early  and  late  varieties 
and  of  early  and  late  planting  require  to  be  reconsidered  and  given 
further  study  now  that  the  effects  of  dry  weather  are  more  fully 
appreciated.  It  is  only  by  a  careful  study  and  full  recognition  of  all 
the  factors  that  the  true  possibilities  of  cotton  culture  in  the  presence 
of  the  w^eevils  can  be  realized. 
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8  RELATION    OF    DROUGHT    TO    WEEVIL   RESISTANCE    IN    COTTON. 

Without  a  supply  of  moisture  in  the  soil  the  same  drought  that 
hinders  the  reproduction  of  the  weevils  will  also  stop  the  growth  of 
the  plants,  thus  reducing  the  advantage  that  might  be  gained  from 
the  dry  weather.  But  if  the  land  has  been  well  prepared  by  deep 
plowing  and  thorough  cultivation  so  that  it  absorbs  and  retains 
moisture,  the  plants  continue  to  grow  and  set  their  crop  through  the 
dry  weather.  The  weevils  do  not  prosper  during  drought  because 
the  young  larvae  are  killed  when  the  infested  buds  fall  off  and  lie 
exposed  on  the  hot,  dry  ground.  The  importance  of  thorough  till- 
age is  especially  great  in  the  verv  compact  impervious  soils  of  the 
"  black-land  prairies  "  that  produce  a  large  part  of  the  Texas  cot- 
ton crop.  Unless  such  soils  are  stirred  by  cultivation  very  little 
water  penetrates  beyond  the  surface  la3'ers.  ancl  these  are  very  soon 
dried  out. 

Under  conditions  of  humidity  other  factors  determine  the  success 
or  failure  of  the  crop.  Wet  and  cloudy  weather  is  likely  to  interfere 
with  the  gi'owth  of  the  plants  without  checking  the  propagation  of 
the  weevils.  The  more  humid  tlie  climate  the  greater  the  necessity 
for  a  rapid,  uninterrupted  develojDment  of  the  plants  if  a  crop  is  to 
be  set  before  the  weevils  can  prevent. 

With  conditions  continuously  favorable  the  Aveevils  can  seldom 
cause  any  complete  loss  of  the  crop,  but  if  a  period  of  unfavorable 
weather  interrupts  the  growth  of  the  cotton  after  the  first  crop  of 
buds  has  been  infested,  enough  weevils  may  be  bred  to  infest  all  the 
subsequent  buds,  so  that  no  crop  can  be  set.  The  luxuriant  growth 
of  the  plants  may  continue,  each  producing  hundreds  of  flower  buds, 
but  all  pruned  off  by  the  weevils.  A  whole  field  of  the  overluxuri- 
ant  weevil-pruned  cotton  may  not  average  more  than  two  or  three 
bolls  to  the  plant. 

The  idea  of  avoiding  weevil  injuries  by  early  planting  needs  to  be 
supplemented  by  a  recognition  of  the  importance  of  securing  an 
uninterrupted  development  of  the  plants.  The  chief  object  to  be 
attained  is  the  early  setting  of  the  crop  in  as  short  a  period  as  pos- 
sible after  the  plants  have  begun  to  produce  flower  buds  in  which 
the  Aveevils  can  breed.  This  object  should  be  taken  into  account  in 
the  breeding  and  adaptation  of  varieties  and  in  devising  improved 
methods  of  culture  for  weevil-infested  regions. 

COMPLETE  CESSATION  OF  WEEVIL  INJURIES  DURING  DROUGHT. 

The  condition  of  the  cotton  on  the  San  Antonio  Experiment  Farm 
in  the  middle  of  July,  1909,  afforded  an  unusually  striking  illustra- 
tion of  the  importance  of  dry  weather  as  a  factor  of  cotton  produc- 
tion in  Texas.  In  spite  of  the  fact  that  weevils  appeared  very 
numerous  in  the  same  fields  early  in  the  season  and  infested  nearly 
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all  of  the  first  buds,  no  damage  "was  being  done  in  the  middle  of  July, 
nor  Avere  there  evidences  of  an}'  recent  injuries  by  weevils.  A  care- 
ful search  over  several  different  plats  of  cotton  failed  to  find  a  sin- 
gle bud,  or  ''  square,"  with  a  nornuil  weevil  puncture.  Weevil  larvae 
could  still  be  found  in  very  small  numbers  in  old  squares  on  the 
ground  under  the  plants,  but  almost  invariably  dead  or  dying.  Not 
a  single  adult  weevil  was  found.  The  only  weevils  that  aj^ix'ared 
likely  to  survive  were  a  few  small  larva)  in  some  of  the  earlier  bolls, 
and  these  would  not  do  further  injury  in  that  season,  for  the  larvse 
develop  very  slowly  in  the  bolls  and  are  not  likely  to  emerge  until  the 
bolls  open  at  maturity. 

Careful  examinations  of  the  same  plats  had  been  made  by  Mr.  S.  H. 
Hastings,  superintendent  of  the  San  Antonio  farm,  in  May  and  June, 
when  an  unusually  heavy  infestation  of  weevils  was  found.  Under 
date  of  June  14,  Mr.  Hastings  reported  that  nearly  all  the  buds  had 
been  destroyed  by  the  weevils  as  fast  as  they  were  formed  and  that  a 
total  failure  of  the  crop  was  threatened.  Had  the  weather  continued 
favorable  for  the  weevils  there  was  certainly  no  prospect  that  the 
later  buds  could  have  fared  any  better  than  their  predecessors,  but 
the  advent  of  dry  weather  completely  changed  the  situation  and  set 
a  definite  limit  to  the  activities  of  the  weevils.  Similar  cases  had 
been  observed  in  previous  years  when  there  seemed  to  be  a  lessening 
of  weevil  injuries  as  the  season  advanced  instead  of  the  increase  that 
had  been  feared,  but  no  such  complete  interruption  of  injuries  by 
weevils  during  the  growing  season  of  the  cotton  had  been  observed. 

The  effects  of  heat  and  dryness  upon  the  weevil  larv?e  were  doubt- 
less intensified  indirectly  by  the  influence  of  the  drought  upon  the 
plants.  Injured  buds  are  dropped  much  more  promptly  in  dry 
weather,  and  in  severe  drought  even  the  uninjured  buds  may  fall  off, 
thus  lessening  still  further  the  weevil's  opportunities  of  propagation. 
The  result  of  the  earlier  falling  of  the  infested  buds  is  to  expose  the 
larvae  to  adverse  conditions  at  earlier  stages  in  their  development  and 
for  longer  periods  of  time. 

The  effect  of  the  prolonged  drought  in  completely  preventing  the 
continuation  of  the  weevil  injuries  was  not  confined  in  the  season 
of  1909  to  the  vicinity  of  San  Antonio.  The  same  condition  of 
unusually  heavy  infestation  appeared  early  in  the  season  in  the 
experiments  conducted  at  Waco,  Tex.,  by  Dr.  D.  A.  Saunders,  and 
the  same  complete  cessation  of  weevil  injuries  was  observed  with  the 
advance  of  drought.  Careful  examination  of  several  fields  of  cotton 
in  the  vicinity  of  Waco  on  August  18  and  19  by  Dr.  Saunders  and 
the  writer  showed  that  no  injury  was  being  done  by  the  weevils, 
though  the  insects  remained  active  in  more  luxuriant  fields  on  rich 
bottom  lands  of  the  same  district. 
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Though  the  conditions  of  drought  that  gave  the  complete  protec- 
tion aerainst  the  weevils  were  jrenerallv  so  severe  as  to  interfere  seri- 
ously  with  the  growth  of  the  plants  and  Avould  undoubtedly  have 
prevented  the  developrhent  of  any  considerable  crop  unless  rain  had 
come,  the  facts  are  of  interest  in  their  practical  bearings  upon  the 
problem  of  weevil  resistance.  The  complete  cessation  of  weevil 
injuries,  even  after  the  weevils  had  survived  the  winter  in  unusual 
numbers  and  had  begun  to  feed  and  breed  in  the  buds  of  the  young 
plants,  makes  it  evident  that  the  highest  importance  must  be  placed 
on  the  dry  weather.  The  values  of  special  weevil-resisting  varieties 
and  of  special  methods  of  culture  must  also  be  considered  as  means 
of  gaining  greater  advantages  from  dry  weather. 

EARLY  PLANTING  IN  DRY  REGIONS. 

The  object  that  has  been  sought  by  earl}'  planting  and  by  the  use 
of  early  varieties  is  to  give  the  cotton  an  opportunity  to  set  as  many 
bolls  as  possible  early  in  the  season,  before  the  weevils  have  become 
numerous  enough  to  infest  all  the  buds  and  bolls  and  thus  set  a 
limit  to  the  crop.  A  farmer  who  plants  too  late  may  have  his  cotton 
stocked  with  weevils  from  fields  planted  earlier  by  his  neighbors  and 
may  suffer  more  seriously  than  they. 

The  best  plan  would  be  for  a  community  to  plant  all  of  its  cotton 
as  nearly  as  possible  at  the  same  date.  The  date  should  be  selected 
with  a  view  to  securing  the  most  rapid  development  of  the  crop,  and 
for  this  it  is  necessary  that  the  plants  make  prompt  and  continuous 
growth.  The  amount  of  weevil  injury  is  determined  by  the  relation 
between  the  development  of  the  cotton  and  the  reproduction  of  the 
weevils.  Any  loss  of  time  on  the  part  of  the  cotton  by  dela}''  or 
interruption  of  growth  can  only  increase  the  relative  proportion  of 
weevil  injury  and  diminish  the  crop.  Anything  that  gives  the  cotton 
an  advantage  over  the  weevils  should  be  taken  into  account  in  the 
problem  of  weevil  resistance,  whether  the  advantage  is  gained  by 
methods  of  culture  or  by  specialized  characters  of  the  plants  them- 
selves. The  largest  results  are  to  be  obtained  by  combining  the 
cultural  and  the  biological  factore. 

If  each  farmer  attempts  to  plant  earlier  than  his  neighbors,  the 
product  of  the  community  is  likely  to  be  reduced,  for  two  reasons: 
Cotton  that  is  planted  too  early  may  be  injured  so  tliat  maturity  is 
retarded  instead  of  being  hastened  and  the  weevils  bred  in  early  cot- 
ton may  inflict  increased  injuries  upon  the  later  fields.  Cotton  that 
has  been  severely  checked  by  cold  or  by  extremes  of  wet  or  dry 
weather  in  the  early  stages  of  growth  often  suffers  a  permanent  in- 
jury, either  by  being  stunted  in  growth  or  by  becoming  abnonnal 
in  other  respects.    A  smaller  crop  is  obtained  and  that  of  inferior 
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quality.  And  even  if  no  other  change  of  characters  takes  phice,  ex- 
periments at  San  Antonio,  Tex.,  in  190(5  showed  that  the  checking  of 
the  growth  of  an  early  planting  may  render  it  actually  later  in  the 
development  of  its  crop  than  a  later  planting  of  the  same  variety  in 
the  same  place.  Later  planting  not  only  secured  more  cotton,  but  a 
larger  part  of  the  crop  was  ripened  before  a  given  date,  in  spite  of 
the  fact  that  the  plantings  were  made  side  by  side,  so  that  the  later 
rows  were  readily  accessible  to  the  boll  weevils  bred  in  the  early 
rows.^ 

That  the  same  result  would  be  obtained  in  all  cases  is  not  to  be 
expected,  for  these  experiments  were  made  under  dry-weather  condi- 
tions. But  in  the  season  of  1906  the  summer  drought  was  not  severe 
enough  to  stop  the  rej^roduction  of  the  Aveevils,  all  the  plantings  be- 
ing quite  seriously  infested.  The  later  plantings  might  have  shown 
still  greater  superiority  if  they  had  been  isolated  from  the  early 
plantings,  but  in  that  case  there  could  have  been  no  a&surance  that 
other  conditions  of  soil  and  moisture  were  the  same. 

If  very  early  planting  could  insure  a  correspondingly  early  har- 
vest, it  might  be  argued  that  cotton  should  always  be  planted  at  the 
earliest  possible  date,  without  reference  to  scarcity  or  abundance  of 
weevils.  But  in  view  of  the  experiments  mentioned  above,  showing 
that  later  plantings  may  overtake  very  early  plantings  and  ripen  an 
earlier  crop,  it  is  plain  that  early  planting,  like  any  other  cultural 
expedient,  must  be  used  with  discretion  and  not  carried  to  an  un- 
practical extreme. 

Of  course,  it  is  only  in  regions  subject  to  drought  that  the  weevils 
can  be  expected  to  become  less  destructive  as  the  season  advances,  but 
in  the  dry  regions  of  southern  and  western  Texas  this  consideration 
seems  to  be  of  practical  importance.  Fields  planted  in  May  some- 
times mature  a  full  crop  before  being  invaded  at  all  by  the  weevils, 
even  in  localities  where  fields  planted  in  March  have  suffered  quite 
severely.  Though  such  complete  immunity  of  late  plantings  from 
weevil  injuries  may  be  of  rare  occurrence,  the  fact  that  good  crops 
are  sometimes  secured  in  this  way  often  leads  the  farmer  to  take  the 
chance  of  a  late  sowing  of  cotton  after  a  winter  crop  has  been  har- 
vested or  after  some  other  spring  crop  has  failed.  The  possibilities 
of  late  planting  are  obviously  of  much  more  importance  in  regions 
where  winter  crops  can  be  gi'own  than  in  more  northern  localities 
where  the  growing  season  is  only  long  enough  for  the  cotton  and 
winter  crops  are  not  used,  at  least  on  land  that  is  to  be  planted  to 
cotton. 

A  heavy  infestation  of  boll  weevils  in  the  early  part  of  the  season 
interferes  with  the  growth  of  the  plants  long  before  the  fruiting 


1  See    "  Local    Adjustment    of    Cotton    Varieties,"    Bulletin    159,    Bureau    of    Plant    In- 
dustry, U.  S.  Dept.  of  Agriculture,  1909,  p.  49. 
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stage  is  reached.  The  Aveevils  begin  b}'  gnawing  the  terminal  vege- 
tative buds  in  the  spring,  before  there  are  any  flower  buds  to  feed 
upon.  This  hinders  growth  of  the  young  plants  and  forces  the 
growth  of  A^egetative  branches  at  the  base  of  the  plants  instead  of 
allowing  fruiting  branches  to  be  produced  early  in  the  season. 
Weevil-infested  fields  of  cotton  can  often  be  recognized,  even  at  a 
distance,  by  changes  in  habits  of  growth,  before  the  dilTerences  in 
yield  become  apparent.  Such  expedients  as  the  picking  of  the  adult 
weevils  by  hand  and  the  poisoning  of  the  leaf  buds  of  the  young 
plants  are  much  more  advantageous  early  in  the  season,  not  only  in 
reducing  the  number  of  Aveevils,  but  in  allowing  the  cotton  to  make 
more  rapid  and  normal  growth.  Yet  it  is  very  difficult  to  determine 
how  much  advantage  is  secured  from  such  efforts,  owing  to  the  great 
variation  in  seasons  and  in  the  abundance  of  weevils  in  different 
fields,  or  even  in  parts  of  the  same  field. 

Drought  is  more  effective  in  holding  weevils  in  check  if  the  dry 
weather  begins  before  the  cotton  plants  are  large  enough  to  proAade 
the  necessary  food  and  shelter  for  the  weevils.  If  the  plants  con- 
tinue to  make  good  growth  during  weather  that  is  too  dry  for  the 
weevils  to  propagate,  the  crop  can  be  set  and  brought  to  maturity 
without  serious  damage,  even  in  localities  where  earlier  plantings 
have  suffered  severely  from  the  weevils.  This  explains  the  very  great 
advantage  that  is  generally  to  be  gained  in  dry  regions  by  plowing 
the  land  in  the  fall  and  maintaining  the  tilth  through  the  winter 
as  a  preparation  for  the  planting  of  cotton,  in  order  to  have  as  much 
moisture  as  possible  available  in  the  soil  and  thus  enable  a  more  con- 
tinuous growth  to  be  made  during  any  periods  of  dry  weather  that 
may  occur  in  the  early  part  of  the  growing  season. 

With  proper  attention  to  the  preparation  of  the  land,  cotton  can 
be  grown  even  without  irrigation  in  many  districts  of  the  South- 
west that  have  been  looked  upon  hitherto  as  hopeless  deserts.  The 
drought -resistant  qualities  of  the  cotton  plant  are  only  beginning  to 
be  appreciated,  perhaps  because  the  chief  centers  of  production  have 
been  located  in  humid  regions.  In  localities  where  small  supplies 
of  irrigation  water  can  be  developed  they  can  probably  be  used  to 
much  better  advantage  with  cotton  than  with  any  other  crop.  The 
general  danger  in  irrigated  regions  is  the  excessive  use  of  water. 
The  chief  obstacle  to  the  extension  of  cotton  culture  in  the  South- 
Avestern  States  is  the  scarcity  and  high  cost  of  labor,  but  the  progress 
that  is  being  made  in  the  invention  of  cotton-picking  machinery  indi- 
cates that  this  limitation  may  be  removed  in  the  near  future. 
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IMPROVEMENT  OF  QUALITY  BY  CULTURAL  METHODS. 

Cultural  mothods  ihat  allow  a  continuous  development  of  the 
plants  may  also  help  to  counteract  weevil  injuries.  Interruptions  of 
growth  not  only  invite  greater  damage  from  weevils  but  injure  the 
quality  of  the  fiber.  If  the  presence  of  the  boll  Aveevil  can  induce  the 
farmer  to  adopt  better  methods  of  culture,  better  staples  can  be  pro- 
duced, so  that  a  lessening  of  the  crop  may  be  compensated  by  an  in- 
crease in  value.  To  imj^rove  the  fiber  so  as  to  be  able  to  sell  small 
crops  for  as  much  or  more  than  the  former  large  crops  would  be  a 
very  practical  method  of  reducing  the  losses  inflicted  by  the  weevils. 
Reduced  production  of  long-staple  Upland  cotton  in  Louisiana  and 
Mississippi  is  increasing  the  demand  for  superior  varieties  of  inter- 
mediate lengths,  from  an  inch  to  an  inch  and  a  quarter.  These  can 
be  grown  in  many  parts  of  the  cotton  belt  where  only  short  and 
inferior  varieties  are  now  planted. 

With  the  boll  weevil  as  a  further  obstacle  the  tendency  is  for  the 
careless  farmer  to  give  up  the  culture  of  cotton,  but  farmers  who 
adopt  the  other  jDrecautions  to  make  cotton  profitable  under  weevil 
conditions  are  likeW  to  take  the  additional  step  of  adopting  better 
varieties  and  maintaining  the  uniformity  of  their  stocks  by  the  neces- 
sary selection. 

Longer  and  stronger  staples  could  be  produced  over  a  large  part  of 
Texas  if  better  varieties  were  grown  and  better  methods  of  culture 
were  applied,  so  that  the  fiber  could  be  properly  ripened  instead  of 
growth  being  suddenly  checked  by  drought  and  the  bolls  opened  pre- 
maturely. Even  under  conditions  of  extreme  drought  it  is  possible 
to  produce  fiber  of  good  quality  if  the  plants  are  not  checked. 
Though  plants  that  develop  under  dry  conditions  may  remain  very 
small  for  lack  of  moisture,  they  may  still  produce  excellent  lint. 
This  was  well  shown  in  experiments  at  San  Antonio,  Tex.,  in  1910. 
A  season  of  continuous  drought  produced  better  fiber  than  the  pre- 
vious year  when  the  drought  was  interrupted  by  a  rain  at  the  middle 
of  July.  The  rain  allowed  a  larger  growth  of  the  plants,  with  larger 
demands  for  moisture,  but  no  other  rains  came  to  maintain  the 
supply.  Though  the  rain  undoubtedly  increased  the  crop,  much  of  the 
fiber  suffered  in  quality  because  the  plants  were  checked  during  the 
fruiting  period  and  the  bolls  opened  prematurely. 

In  localities  where  irrigation  facilities  exist,  even  a  very  limited 
supply  of  water  could  be  utilized  to  great  advantage  in  bringing  the 
cotton  crop  through  to  maturity.  AVliere  water  is  to  be  had  in  the 
winter,  but  without  facilities  for  summer  storage,  winter  irrigation 
may  be  practiced  as  a  preparation  for  the  cotton  crop,  the  water  being 
retained  in  the  soil  by  the  same  methods  of  tillage  as  in  dry  farming. 
There  is   an   unfortunate   tendency   in   irrigated  districts  to   apply 
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water  to  the  growing  plants  too  early  in  the  season.  The  result  is  to 
stimulate  an  undesirable  vegetative  growth  and  make  the  crop  late, 
thus  increasing  the  danger  of  weevil  injuries. 

In  the  drier  districts  of  southern  and  western  Texas  the  farmer 
depends  more  upon  the  moisture  already  stored  in  the  soil  than  upon 
rain  that  falls  during  the  growing  season.  To  raise  a  crop  of  cotton 
without  any  rain  on  the  plants  would  seem  an  impossibility  in  many 
humid  reo-ions,  but  this  can  often  be  done  in  drv  regions  if  the 
previous  rainfall  has  been  conserved  in  the  soil  by  proper  tillage. 
Indeed,  it  is  possil^le  to  have  too  much  water  stored  in  the  soil  and 
thus  make  the  plants  too  luxuriant,  just  as  it  is  possible  to  have  too 
much  rain. 

Under  such  conditions  there  is  the  less  reason  to  urge  the  importance 
of  very  early  planting.  In  experim.ents  with  successive  plantings 
of  Triumph  cotton  at  San  Antonio,  Tex.,  in  1906,  the  April  and  May 
plantings  grew  quite  as  large  as  the  March  plantings,  showing  a 
practical  equality  of  the  available  supply  of  soil  moisture,  which  was 
the  limiting  factor  in  this  experiment.  The  surface  of  the  soil  be- 
comes drier  as  the  season  advances,  so  that  recourse  to  previous 
wetting  of  the  seed  or  to  somewhat  deeper  planting  may  become 
necessary  to  secure  a  good  stand,  but  the  easier  cultivation  and 
greater  freedom  from  weeds  in  dry  weather  more  than  compensate 
for  extra  precautions  in  sowing. 

LATER  PLANTING  IN  BLOWING  SOILS. 

In  addition  to  the  loss  of  moisture  and  the  checking  of  the  plants 
by  weather  too  cold  for  groAvth  to  be  made,  early  planting  increases 
the  danger  of  the  "  blowing  out "  of  the  seedlings  in  some  of  the 
sandy  districts  of  southern  Texas  that  are  otherwise  well  adapted  for 
cotton.  The  surface  soil  may  be  drifted  away  and  the  plants  broken 
down  by  the  wind  or  the  young  stems  may  be  actually  cut  away  by 
the  blowing  sand.  The  winds  are  said  to  be  much  more  severe  as 
a  rule  in  March  than  in  April,  and  in  districts  where  this  is  true 
it  might  be  better  if  all  plantings  could  be  deferred  till  the  later 
month.  Even  though  the  winds  were  as  severe  in  April  as  in 
March  the  crop  is  less  likely  to  be  injured  if  the  period  of  exposure 
is  shortened.  It  is  also  easier  to  keep  the  soil  from  blowing  before 
the  cotton  is  planted,  by  throwing  the  surface  of  the  field  into  ridges. 

In  ad<lition  to  the  possibility  of  avoiding  injniy  from  the  wind, 
the  April  plantings  are  likely  to  have  the  advantage  of  more  continu- 
ous growth.  This  not  only  favors  an  earlier  and  larger  crop,  as 
already  explained,  but  tends  at  the  same  time  to  increase  the  length 
and  the  uniformity  of  the  lint.  The  proportion  of  aberrant 
plants  that  are  likely  to  appear  in  a  variety  of  cotton  depends  to  a 
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considerable  extent  upon  whether  the  plants  are  severely  checked  in 
the  early  stages  of  devolopniont  or  make  uninterrupted  growth. 

LIMITATIONS  OF  LATE  PLANTING. 

Tf  whole  communities  could  be  organized  so  that  all  the  cotton 
could  be  i)lanted  at  the  same  time  and  all  the  plants  destroyed  in  the 
fall,  so  that  none  would  survive  the  winter,  later  planting  would 
become  more  feasible  than  at  present ;  but  other  interests  of  the  crop 
forbid  very  late  planting. 

In  the  northern  districts  of  the  cotton  belt  it  is  not  safe  to  shorten 
the  season  by  deferred  planting,  and  even  in  places  where  the  season 
is  long  enough  the  habits  of  the  cotton  plant  set  limits  to  late  plant- 
ing. If  the  weather  is  too  hot  during  the  early  stages,  the  fertility 
of  the  plants  suffers  through  a  change  in  the  habits  of  growth.  Fruit- 
ing branches  are  not  produced  so  near  the  ground  as  in  earlier  plant- 
ings, but  are  replaced  by  more  numerous  upright  vegetative  branches. 
With  plenty  of  moisture  such  plants  become  large  and  bushy  and 
produce  a  late  crop,  at  the  mercy  of  the  weevils.  Or  if  dry  weather 
cuts  off  the  supply  of  moisture  the  growth  of  the  late  plants  is 
checked  before  the  fruiting  stage  is  reached,  so  that  little  or  no  crop 
can  be  set. 

Under  conditions  of  drought,  the  tendency  to  excessive  vegetative 
growth  of  the  young  plants  may  be  restricted  by  lack  of  water  in  the 
surface  soil.  This  is  another  reason  why  late  plantings  are  more 
likely  to  be  successful  in  seasons  w^hen  the  drought  is  severe  enough  to 
check  the  multiplication  of  weevils.  Thus  at  Palestine,  Tex.,  in  the 
season  of  1009,  some  fields  of  cotton  planted  in  June,  after  the  har- 
vesting of  a  crop  of  potatoes,  developed  normally  and  gave  larger 
yields  than  neighboring  fields  planted  much  earlier,  in  April  or  May. 
In  a  wet  season  such  late  plantings  might  be  a  complete  failure. 
The  fruiting  stage  would  probably  not  be  reached  until  the  weevils 
had  time  to  multiply  and  destroy  the  whole  crop. 

Varieties  differ  in  the  readiness  with  which  their  characters  are 
changed  in  response  to  differences  of  cultural  conditions,  some  being- 
more  suitable  for  late  planting  than  others.  The  tendency  to  deferred 
fruiting  and  to  the  production  of  excessive  numbers  of  vegetative 
branches  is  still  stronger  in  the  Egyptian  cotton  than  in  the  Upland 
series  of  varieties.  Early  planting  of  Egyptian  cotton  has  been 
found  necessary  in  Arizona  as  a  means  of  controlling  the  growth  of 
the  plants,  though  no  weevils  exist. 

Planting  too  late  also  interferes  with  the  early  destruction  of  the 
stalks,  a  most  desirable  measure  for  reducing  the  number  of  weevils 
that  survive  the  winter.  The  earlier  this  work  can  be  done  the  more 
successful  it  is  likely  to  be,  for  the  principal  object  is  to  deprive  the 
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weevils  as  early  as  possible  of  food  and  of  facilities  for  breeding.  If 
this  work  is  postponed  until  the  plants  are  killed  by  frost,  much  of 
the  advantage  of  removing  the  stalks  is  lost,  though  it  may  still  be 
Very  important  to  destroy  the  unripe  bolls,  which  sometimes  carry 
many  weevil  larva?  through  the  winter.  In  some  districts  the  pastur- 
ing of  the  cotton  fields  in  the  fall  is  very  useful,  for  the  cattle  eat  the 
buds  and  green  bolls  with  the  weevils  and  larvae  that  might  otherwise 
be  left  in  the  fields. 

Another  factor  that  tends  to  limit  late  planting  in  Texas  is  the 
prevalence  of  root-rot.  As  the  attacks  of  this  disease  are  often 
deferred  till  the  latter  part  of  the  season,  the  plants  that  are  killed 
may  not  represent  a  total  loss.  Some  of  their  bolls  may  be  ripe 
before  the  plants  are  killed,  and  the  remainder  are  opened  prema- 
turely by  drying,  so  that  the  lint,  though  often  weak  and  worthless, 
can  be  picked  and  sold  with  the  rest  of  the  crop.  In  some  parts  of 
Texas  fields  are  often  seen  with  half  the  plants  dead  from  root-rot 
before  the  middle  of  September,  though  half  or  three-quarters  of  the 
crop  may  be  already  mature.  If  the  crop  were  to  be  deferred  by 
late  planting,  root-rot  injuries  might  involve  a  total  loss.  In  such 
cases  the  root-rot,  rather  than  the  boll  weevil,  may  be  said  to  deter- 
mine the  necessity  for  early  planting. 

BELATION    OF    DROUGHT    TO    WEEVIL-RESISTANT    HABITS    OF 

GROWTH. 

Recognition  of  the  importance  of  dry  weather  brings  a  new  factor 
into  the  question  of  weevil-resistant  habits  of  growth.  If  it  be  con- 
sidered a  matter  of  first  importance  to  lessen  the  number  of  weevils 
that  go  into  hibernation  in  the  autumn,  it  appears  to  be  essential  to 
use  the  earliest  and  most  determined  varieties,  so  that  the  crop  can 
be  completed  at  the  earliest  possible  date,  and  thus  leave  the  weevils 
without  opportunity  to  breed  for  as  long  a  period  as  possible  before 
winter.  It  happens,  however,  that  some  of  the  best  of  the  early 
varieties,  such  as  the  Triumph  cotton  of  Texas  and  the  Kekchi  cotton 
of  Guatemala,  have  low,  compact  habits  of  growth  that  undoubtedly 
tend  to  interfere  with  the  beneficial  effects  of  dry  weather  in  killing 
the  weevil  larva^.  Fallen  squares  are  much  more  effectively  shaded 
by  a  low,  compact  plant  than  by  one  that  bears  its  foliage  farther  up 
so  that  all  of  the  ground  under  the  plant  is  exposed  directly  to  the 
sun  during  at  least  a  part  of  the  day.  Plants  that  stand  well  up 
from  the  ground  and  allow  the  sun  to  reach  and  dry  out  the  fallen 
squares  and  kill  the  weevil  larvae  are  able  to  secure  in  this  way  a  dis- 
tinct advantage  over  the  low,  compact  plants  that  shade  the  fallen 
squares  and  protect  them  from  the  dry  winds. 

Many  of  the  experimental  plats  at  San  Antonio  in  1000  consisted 
of  Triumph  cotton.    The  low,  compact  form  of  the  plants  was  well 
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calculated  to  shade  fallen  bncls  lying  under  them,  though  even  in  such 
buds  the  weevils  did  not  apjiear  to  prosjicr  under  conditions  of  very 
extreme  drought.  But  an  adjacent  planting  of  a  newly  acclimatized 
Mexican  type  of  Upland  cotton  gave  much  less  shelter  for  the  weevils. 
No  leafy  branches  were  developed  at  the  base  of  these  plants  until 
after  fruiting  had  begun,  so  that  the  early  foliage  was  borne  well  up 
from  the  ground. 

This  Mexican  variety  had  not  been  supposed  to  have  any  special- 
ized weevil-resisting  characters,  although  it  had  given  very  favorable 
results  under  weevil  conditions.  The  contrast  in  behavior  between 
this  variety  and  the  Triumph  was  very  striking,  the  Mexican  cotton 
having  much  less  tendency  to  put  out  branches  from  the  lower  joints 
of  the  stem. 

Partly  as  a  result  of  later  planting  and  partly  because  of  its 
different  habits  of  growth,  this  cotton  continued  to  develop  slowly 
during  the  dry  weather  of  May  and  June  and  was  ready  when  rain 
finalh'  came  in  July  to  put  on  very  quickly  a  good  crop  of  bolls. 
The  tendenc}^  to  ripen  all  of  the  bolls  at  one  time  has  been  shown  in 
several  other  experiments  and  is  to  be  reckoned  as  a  very  desirable 
characteristic  of  this  type  of  cotton.  It  lessens  the  labor  of  picking 
and  alloAvs  the  fields  to  be  cleaned  of  the  old  stalks  early  in  the  fall. 

The  behavior  of  this  Mexican  type  of  cotton  may  be  contrasted  in 
many  ways  with  that  of  the  Kekchi  cotton  from  Guatemala.  The 
Kekchi  cotton  has  several  definite  weevil-resisting  adaptations  not 
possessed  by  the  Mexican  cotton,  such  as  hairy  stems  and  leaves  that 
restrict  the  movements  .of  the  weevils,  large,  hairy,  well-closed  bracts 
that  impede  the  access  of  the  weevils  to  the  young  buds,  and  long 
pendent  or  creeping  basal  branches,  the  buds  and  bolls  of  which  are 
seldom  attacked  because  of  the  strong  instinct  of  the  weevils  to  climb 
up  the  plants  instead  of  remaining  on  the  lower  branches  or  crawling 
downward.  But  in  southern  Texas,  where  most  of  the  experiments 
with  cotton  have  been  made,  some  of  the  weevil-resisting  characters 
have  cultural  disadvantages.  Although  the  lower  branches  often 
continue  to  produce  buds  and  bolls  long  after  the  weevils  have 
halted  all  the  other  types  of  cotton,  the  additional  bolls  are  borne 
so  near  the  ground  that  they  are  often  soiled  by  blowing  sand  or 
muddied  and  rotted  by  rain.  Bolls  produced  underneath  the  plant 
often  rest  on  the  ground  and  are  also  subject  to  mildew  and  other 
diseases.  An  attempt  is  being  made  to  avoid  these  disadvantages  bv 
selectina*  more  erect  forms  of  the  Kekchi  cotton  that  carrv  their  bolls 
clear  from  the  ground  and  thus  enable  the  several  desirable  features 
of  this  type  of  cotton  to  be  utilized.  In  addition  to  the  weevil-resist- 
ing characters,  some  of  the  acclimatized  strains  of  the  Kekchi  cotton 
have  shown  themselves  very  early  and  productive,  and  with  lint  of 
good  Upland  quality. 
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It  is  easy  to  understand  that  a  variet}^  with  a  rapid-fruiting  habit 
like  the  Mexican  cotton  would  be  even  more  likely  to  have  definitely 
determinate  growth  than  an  early-flowering  variety  like  the  Kekchi. 
The  small  size  of  the  jolants  of  early  varieties  may  be  ascribed  to  the 
fact  that  vegetative  growth  is  less  rapid  after  fruiting  commences 
and  if  dry  weather  ensues  an  extra  early  variety  may  mature  and 
cease  to  grow  even  under  the  same  conditions  that  permit  another 
variety  with  later  fruiting  habits  to  continue  its  development. 
Determinate  habits  of  growth,  like  other  desirable  things,  may  be 
carried  to  excess.  If  selection  for  earliness  be  directed  solely  to  the 
question  of  early  flowering  or  early  opening  of  bolls  the  effect  on  yield 
may  be  adverse.  Very  early  flowering  or  very  early  opening  of  some 
of  the  bolls  is  not  in  itself  a  guarantee  of  the  prjrctical  weevil- 
resisting  value  of  a  variety.  Varieties  that  flower  very  early  may 
develop  more  slowly  or  attain  a  precocious  maturity  if  exposed  to 
dry  weather  or  to  other  unfavorable  conditions  that  interrupt  the 
growth  of  the  plants. 

IMPORTANCE  OF  DRY  WEATHER  IN  HUMID  REGIONS. 

In  cooler  and  more  humid  regions  the  importance  of  the  drought 
factor  must  of  necessity  decline.  Unless  the  weather  is  hot  and  dry 
enough  to  interfere  with  the  propagation  of  the  weevil  larva?,  the 
direct  advantage  secured  from  drought  in  a  dry  climate  is  not 
obtained.  A  humid  climate  with  heavy  dews  may  allow  unimpeded 
develo])ment  of  weevils,  even  in  the  absence  of  rain.  Yet  there  is  a' 
very  important  indirect  advantage  in  a  period  of  dry  weather,  even 
though  the  conditions  are  not  severe  enough  to  destroy  the  weevils. 
Too  much  moisture  interferes  with  the  development  of  the  cotton 
plant,  either  by  stunting  its  growth  or  by  causing  the  shedding  of 
buds  and  young  bolls.  In  a  district  where  there  are  no  weevils  such 
a  shedding  may  do  little  damage,  for  the  plants  continue  to  produce 
buds  and  can  soon  replace  the  loss,  but  with  the  weevils  present  the 
loss  of  the  early  crop  by  shedding  becomes  a  much  more  serious 
matter. 

In  a  continuously  humid  climate  the  early  buds  must  be  expected 
to  furnish  the  crop,  for  all  the  later  buds  are  likely  to  be  destroyed 
by  the  weevils.  There  must  be  no  delay  in  the  development  of  the 
cotton  if  a  crop  is  to  be  set  before  the  insects  become  destructively 
numerous.  The  closer  the  race  becomes  between  the  cotton  and  the 
weevils,  the  more  important  it  is  that  the  plants  lose  no  time  in 
development  and  that  the  crop  receive  no  setback  by  the  shedding  of 
buds  or  bolls.  Every  precaution  that  favors  the  quickest  possible 
development  becomes  Avorthy  of  careful  consideration,  such  as  the 
planting  of  the  cotton  in  dry.  well-drained  soil,  thorough  preparation 
and  cultivation,  and  the  application  of  fertilizers. 
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One  limitation  must  be  recognized  in  all  such  efforts.  It  is  possible 
in  some  regions  to  stimulate  the  cotton  into  an  excessive  vegetative 
growth,  and  thus  defeat  the  object  of  securing  an  early  crop.  If  the 
plants  make  too  rank  a  growth  at  first,  fruiting  is  likely  to  be  de- 
ferred, the  lower  fruiting  branches  being  replaced  by  vegetative 
limbs.^ 

DIPFERENT   TYPES  OF  EARLINESS  IN  RELATION  TO  WEEVIL 

RESISTANCE. 

The  idenl  form  of  earliness  for  varieties  that  arc  to  be  grown  in 
humid  regions  is  not  extreme  precocity  in  showing  the  first  flowers 
or  the  first  ripe  bolls,  but  the  production  of  the  crop  as  rapidly  as 
possible  after  fruiting  begins.  Even  the  early  varieties  are  not  so 
early  in  humid  regions  as  in  dry,  for  abundance  of  moisture  con- 
duces to  more  vigorous  vegetative  growth  and  to  the  production  of 
vegetative  limbs  near  the  base  of  the  plant  instead  of  fruiting 
branches.  In  a  continuously  humid  region  an  early-fruiting  variety 
would  have  no  advantage  over  one  that  began  to  fruit  a  little  later 
unless  the  later  variety  were  attacked  by  weevils  bred  on  the  early 
variety,  in  case  both  were  planted  in  the  same  locality. 

If  all  the  cotton  in  a  humid  district  began  to  bud  and  blossom 
somewhat  later  but  had  the  rapid-fruiting  habit,  it  would  have  two 
advantages  over  an  early-fruitmg  variety  in  relation  to  the  weevils. 
A  smaller  number  of  weevils  would  survive  until  the  late  variety 
began  to  fruit  and  the  late  variety  would  be  able  to  set  the  same 
amount  of  crop  in  a  shorter  period,  after  it  had  once  begun  to  fruit. 
Late  varieties  that  differ  from  early  varieties  in  completing  a  larger 
amount  of  vegetative  growth  before  they  begin  to  fruit  should  be 
able  to  produce  fruit  more  rapidly  after  fruiting  has  once  begun. 

Rapid  fruiting,  rather  than  early  flowering  or  early  opening  of 
bolls,  represents  the  most  effective  foi*m  of  weevil  resistance  under 
conditions  of  continuous  humidity.  Other  things  being  equal,  there 
is  more  reason  to  expect  fruiting  to  go  on  rapidly  in  varieties  tRat 
begin  to  bud  and  flower  rather  late  than  in  those  that  flower  very 
early.  A  variety  that  begins  to  flower  very  early  is  likely  to  require 
more  time  to  produce  the  same  number  of  bolls  than  a  later  flowering 
variety.  The  relatively  small  size  of  the  plants  of  all  the  early- 
flowering  types  may  be  taken  as  evidence  that  the  very  early  produc- 
tion of  fruit  tends  to  check  vegetative  growth.  In  other  words, 
earlier  flowering  may  lead  to  slower  fruiting,  if  account  be  taken  of 
the  total  number  of  bolls  or  the  quantity  of  cotton  ripened  within 
a  given  period. 

1  See  "  Dimorphic  Branches  in  Tropical   Crop  Plants,"    Bulletin   198,   Bureau  of   riant 
Industry.  U.  S.  Dept.  of  Agriculture,  1911. 
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A  later  date  in  flowering  is  not  to  be  reckoned  as  a  lessening  of 
weevil  resistance  if  a  variety  sets  its  frnits  with  sufficient  rapidity 
after  flowering  has  begun.  Until  the  flower  buds  are  about  half 
grown  the  weevils  can  not  begin  to  reproduce.  The  rapidity  with 
which  bolls  are  developed  within  a  specified  time  after  the  buds  are 
large  enough  to  allow  the  weevils  to  begin  to  breed  would  serve  as  a 
measure  of  weevil  resistance  in  experiments  with  varieties  in  humid 
regions.  It  is  important  to  establish  such  standards  and  to  apply 
them  to  all  varieties  that  are  to  be  grown  under  weevil  conditions, 
whether  the  weevils  are  already  present  or  not. 

In  attempting  to  determine  the  rate  of  setting  of  the  crop  in  dif- 
ferent varieties,  special  precautions  must  be  used.  It  is  not  sufficient 
to  compare  the  yield  in  early  pickings,  for  this  will  give  an  undue 
advantage  to  the  factor  of  early  opening  in  small-boiled  varieties. 
Neither  is  it  sufficient  to  determine  the  tendency  to  frnit  production 
by  the  daily  counting  of  flowers  on  experimental  rows  or  plats  repre- 
senting the  different  varieties.  Allowance  must  be  made  for  the 
fact  that  a  big-boll  variety  does  not  need  to  produce  as  many  flowers 
in  order  to  set  the  same  amount  of  crop  in  the  same  number  of 
days  as  a  small-boll  variety.  Daily  countings  of  the  numbers  of 
flowers  on  adjacent  rows  of  different  varieties  may  also  be  rendered 
unreliable  by  differences  in  shedding,  some  varieties  dropping  their 
buds  and  young  bolls  much  more  readily  than  others. 

The  counting  of  the  full-grown  bolls  at  different  dates  would 
give  an  indication  of  the  crop-setting  habits  if  there  were  any  ready 
means  of  detennining  when  the  bolls  have  reached  full  size.  For 
the  most  accurate  determination  it  would  be  desirable  to  make  counts 
of  the  bolls  as  fast  as  they  became  large  enough  to  escape  weevil 
injury,  though  it  would  still  be  necessary  to  take  into  account  the 
differing  amounts  of  cotton  represented  by  the  same  numbers  of  bolls 
of  different  varieties. 

It  may  be  that  the  rapidity  with  which  the  bolls  are  opened  cor- 
responds to  that  with  which  they  are  set,  but  there  is  no  definite 
information  on  this  point.  It  has  been  noticed  in  some  plantings  of 
Mexican  cotton  that  the  bolls  seemed  to  open  more  nearly  together 
than  those  of  the  Triumph  cotton  and  other  United  States  Upland 
varieties  grown  in  the  same  places.  The  rate  of  opening  of  the 
bolls  dej^ends  very  largely  on  tlie  weather  at  the  time  when  the  bolls 
reach  maturity,  but  these  experiments  were  made  under  dry  condi- 
tions, with  equal  opportunities  for  opening. 

It  was  generally  assumed  at  first  that  small-boll  varieties  must 
have  a  distinct  advantage  in  weevil  resistance  because  of  earlier 
flowering  and  earlier  ojiening  of  the  bolls.  Large  importations  of 
seed  of  the  King  and  other  small-boll  varieties  from  the  Carolinas 
were  brought  in  to  replace  the  Texas  big-boll  sorts  in  weevil-infested 
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dibtricls.  Ncvcrtlioless,  the  sinall-boll  cottons  have  not  gained  any 
general  popiihirity  in  Texas,  most  farmers  having  returned  to  the 
native  big-boll  varieties.  Additional  familiarity  with  the  factors 
that  determine  production  under  weevil  conditions  makes  it  pos- 
sible to  understand  why  the  big-boll  varieties  do  not  show  any  such 
serious  disadvantage  in  weevil  resistance  as  at  first  expected. 

The  larger  bolls  require  longer  periods  for  full  development,  but 
during  most  of  the  time  they-  are  beyond  the  danger  of  weevil  in- 
jury. The  growth  of  the  bolls  continues  longer  after  the  crucial 
stage  of  weevil  infestation  has  been  reached.  A  big-boll  variety 
that  could  produce  as  many  flowers  and  set  as  many  bolls  in  the 
same  number  of  days  as  a  small-boll  variety  could  yield  a  larger 
crop  in  pro]:)ortion  to  the  increased  size  of  the  bolls,  or  larger  bolls 
nuiy  make  up  for  a  deficiency  in  the  number  of  flowers.  The  few  ob- 
servations that  have  been  made  do  not  indicate  that  big-boll  varieties 
fall  very  seriously  below  the  small-boll  sorts  in  their  rates  of  flower- 
ing and  boll  setting.  The  production  of  flowers  and  young  bolls 
may  not  make  larger  demands  on  a  big-boll  variety  than  on  a  small- 
boll  type.  If  the  weevils  are  to  prevent  any  further  boll  setting 
after  a  certain  date,  a  big-boll  variety  has  the  advantage  of  being 
able  to  produce  more  cotton  in  each  of  the  bolls  that  reaches  maturity. 

In  districts  where  the  season  of  gi'owth  is  very  short,  early  open- 
ing of  the  bolls  may  be  necessary  to  avoid  the  danger  of  frost,  but 
in  a  large  part  of  the  cotton  belt  the  lapse  of  a  few  more  days 
before  the  bolls  begin  to  open  is  not  to  be  considered  as  a  serious 
disadvantage  and  is  not  likely  to  outweigh  the  stormproof  quali- 
ties, easier  picking,  and  other  desirable  features  of  the  big-boll 
varieties.  It  is  quite  possible  that  the  Texas  big-boll  type  of  cotton 
may  be  found  less  satisfactory  in  humid  regions  and  that  special 
selection  may  be  necessary  under  the  new  conditions  to  establish 
local  strains  with  uniform  expression  of  earliness  and  other  desir- 
able characters.  In  the  drier  regions  of  central  and  southern  Texas, 
where  the  growth  of  the  plants  is  usually  limited  by  drought,  the 
same  general  tendency  to  early  fruiting  appears  in  the  big-boll  and 
small-boll  types,  but  greater  differences  may  be  shown  where  more 
abundant  moisture  provides  for  more  luxuriant  growth. 

IMPORTANCE  OF  RECOGNIZING  FACTORS  OF  WEEVIL  RESISTANCE. 

Too  much  stress  can  be  laid  upon  early  varieties  as  well  as  upon 
early  planting,  because  both  these  factors  lose  in  effectiveness  if 
pushed  to  extremes.  Cotton  planted  too  early  may  develop  more 
slowly  than  cotton  planted  later,  and  varieties  that  begin  fruiting 
too  soon  may  take  longer  to  develop  a  full  crop.  These  considera- 
tions are  well-nigh  self-evident  when  once  pointed  out,  especially 
when  viewed  in  relation  to  the  dry-weather  factor.     If  the  benefits 
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exerted  by  dry  Aveather  are  ascribed  to  early  planting  alone  there  is 
danger  that  the  farmer  may  rely  too  much  upon  the  date  of  planting 
and  fail  to  appreciate  the  still  greater  importance  of  tillage  and  other 
means  for  securing  an  uninterrupted  development  of  the  crop. 

That  the  production  of  cotton  has  been  maintained  in  Texas  has 
been  taken  generally  to  mean  that  the  weevil  menace  was  exaggerated. 
This  may  be  true  to  the  extent  that  the  susceptibility  of  the  insect  to 
dry  weather  Avas  not  at  first  appreciated.  In  some  localities  the  first 
seasons  of  weevil  infestation  were  unusually  wet.  The  destruction 
Avrought  by  the  weevils  in  the  Avet  seasons  Avas  expected  to  continue 
every  year,  and  the  very  existence  of  the  cotton  industry  seemed  to 
be  threatened.  At  present  the  tendency  is  rather  to  the  other  ex- 
treme of  optimism,  on  the  assumption  that  the  same  results  are  to  be 
expected  over  the  whole  cotton  belt  as  in  Texas.  Such  reasoning 
may  prove  erroneous,  especially  in  regions  that  are  subject  to  con- 
tinued rain  or  damp  weather  in  the  early  part  of  the  groAving  season. 
Continued  wet  weather  is  always  unfavorable  to  the  cotton  crop,  no 
matter  how  satisfactory  the  other  conditions  may  be.  The  losses 
occasioned  by  Avet  weather  become  the  more  serious  if  AA-eevils  are 
present  to  preA'ent  the  setting  of  any  later  crop  of  bolls. 

In  many  cotton-growing  districts  the  soils  are  so  heaA-y  and  ad- 
hesive that  the  fields  can  hardly  be  entered  for  tAvo  or  three  days 
after  each  rain.  In  localities  Avhere  the  soils  are  varied  much  can  be 
gained  by  choosing  the  driest  and  best  drained  land  for  cotton,  but 
rain  may  still  interfere  Avith  the  cultivation  of  the  fields  and  preA^ent 
the  gathering  of  the  weeAdl-infested  squares. 

EA^en  in  places  where  good  yields  can  be  obtained  in  favorable  sea- 
sons the  growing  of  cotton  may  become  unpopular  if  the  crop  be- 
comes too  precarious.  In  the  more  humid  sections  of  the  coast  belt 
of  Texas,  for  example,  some  of  the  most  progressive  farmers  con- 
sider the  future  of  cotton  culture  as  doubtful.  Those  who  have  been 
careful  to  clear  their  fields  and  destroy  their  stalks  early  in  the  fall 
and  giA^e  their  land  good  preparation  and  tillage  haA^e  found  it  pos- 
sible to  raise  good  crops  of  cotton  in  spite  of  the  weevils.  In  other 
seasons,  Avhen  too  much  rain  interfered  with  cultivation  and  the 
plants  grew  too  large  and  shaded  the  ground  before  the  bolls  Avere 
set,  the  crop  Avas  seriously  reduced  or  became  a  total  loss.  Xeverthe- 
less,  the  prevailing  high  prices  haA^e  encouraged  the  taking  of  larger 
chances  on  the  cotton  crop,  even  by  fanners  AA^ho  previously  declared 
their  intention  of  abandoning  cotton  altogether. 

EARLIER  LONG-STAPLE  VARIETIES. 

The  practical  questions  of  Aveevil  resistance  vary  in  different  re- 
gions, like  other  cultural  problems.  In  the  Texas  short-staple  dis- 
tricts an  immediate  advantage  Avas  obtained  by  the  use  of  earlier 
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short-staple  varieties.  In  long-staple  districts  the  need  of  earlier 
varieties  is  still  more  acute.  The  introduction  of  the  early  short- 
staple  varieties  into  the  long-staple  districts  is  not  calculated  to  pre- 
serve the  long-staple  industry.  There  can  be  little  doubt  that  the 
difficulty  of  producing  the  long  staples  is  increased  by  the  gi-owing  of 
the  short-staple  varieties  in  the  same  neighborhood.  More  weevils 
are  bred  early  in  the  season  in  the  short-staple  fields.  There  is  also 
more  danger  of  admixture  of  the  long-staple  with  the  short-staple 
varieties,  either  by  cross- fertilization  in  the  fields  or  by  the  mixing  of 
seed  at  the  public  gins. 

Even  before  the  weevils  came,  the  manufacturers  complained  that 
the  long-staple  varieties  were  deteriorating,  because  the  fiber  Avas  be- 
coming less  uniform.  This  has  been  ascribed  to  the  fact  that  more 
and  more  of  the  ginning  has  been  done  in  recent  years  at  large  pub- 
lic gins  where  the  seed  of  the  whole  community  becomes  mixed,  in- 
stead of  at  the  smaller  private  plantation  gins  which  gave  much  less 
ojiportunity  for  such  admixture.  If  the  long-staple  varieties  con- 
tinue to  decline  in  uniformity  at  the  same  time  that  the  yield  is  being 
cut  down  by  the  presence  of  the  weevils,  there  is  less  prospect  of  an 
ultimate  survival  of  the  long-staple  industry. 

The  need  of  quick-fruiting  long-staple  varieties  has  been  recog- 
nized in  advance  in  the  cotton-breeding  work  of  the  Department  of 
Agriculture.  Two  such  varieties  have  been  developed  and  distrib- 
uted, the  Columbia  cotton,  originated  by  Dr.  H.  J.  Webber,  in  South 
Carolina,  and  the  Foster  cotton,  bred  by  Dr.  D.  A.  Saunders  for  the 
Red  River  Valley  of  Louisiana  and  northeastern  Texas.  These  varie- 
ties are  not  only  distinctly  earlier,  but  are  also  more  productive  than 
the  older  long-staple  sorts.  In  their  habits  of  growth  they  are  much 
more  similar  to  short-staple  Upland  varieties  and  they  seem  to  yield 
at  least  equally  well.  Some  of  the  Columbia  cotton  raised  in  the  sea- 
son of  1910  has  been  reported  as  selling  as  high  as  24  cents  a  pound. 
Wliile  this  price  may  be  considered  exceptional,  there  can  be  no  doubt 
that  a  very  general  increase  in  the  value  of  the  cotton  crop  could  be 
secured  by  replacing  the  present  short  and  variable  stocks  with  such 
varieties  as  the  Columbia  and  the  Foster. 

The  early-maturing  characteristics  of  these  varieties  give  them 
almost  the  same  advantages  of  weevil  resistance  as  the  earlv  short- 
staple  varieties  that  are  now  being  grown  in  former  long-staple  dis- 
tricts. The  chief  difference  is  that  prolonged  drought  is  a  greater 
danger  to  the  long-staple  crop  than  to  short  staples.  The  difference 
is  not  so  much  in  the  ability  of  the  plants  to  withstand  dry  weather 
as  in  the  requirement  of  continuous  growth,  if  uniform  length  and 
strength  of  fiber  are  to  be  secured.  If  the  growth  of  the  plants  be 
checked  during  the  fruiting  season,  shorter  and  weaker  fiber  is  the 
result  and  the  whole  crop  is  injured  by  the  lack  of  uniformity.     The 
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higher  requirement  of  uniformity  limits  the  production  of  long- 
staple  cotton  to  districts  ^Yhere  the  soil  moisture  is  adequate  or  is 
supplemented  by  irrigation.  The  irrigation  facilities  being  devel- 
oped in  many  localities  in  southern  Texas  may  make  it  possible  to 
extend  the  cultivation  of  long-staple  varieties  to  a  new  region. 

It  remains  to  be  seen  whether  cotton-growing  communities  can  be 
organized  to  take  full  advantage  of  early  long-staple  varieties  that 
have  been  developed.  The  size  of  the  crop  and  the  uniformity  of 
the  product  may  both  be  increased  if  whole  communities,  instead  of 
scattered  individual  planters,  can  devote  their  time  to  the  production 
of  long-staple  varieties.  The  preservation  of  the  necessary  uni- 
formity of  the  long-staple  varieties  will  become  much  easier  if  no 
short-staple  types  of  cotton  are  grown  in  long-staple  communities. 
The  deterioration  of  varieties  through  cross-fertilization  in  the  field 
and  by  the  mixing  of  seed  at  gins  can  both  be  avoided  in  well- 
organized  communities  that  limit  themselves  to  one  superior  variety 
of  cotton. 

DIFFICULTY  OF  DIRECT  TESTS  OF  WEEVIL  RESISTANCE. 

One  of  the  chief  obstacles  in  the  study  and  general  application 
of  the  factors  of  weevil  resistance  lies  in  the  great  difiiculty  of  making 
any  comparative  tests  that  will  definitely  determine  the  actual 
values  even  of  factors  that  have  obvious  practical  importance.  It 
is  not  reasonable  to  disregard  these  factors  because  of  the  difficulties 
of  testing  them.  Fortunately  there  is  no  possible  conflict  between  the 
cultural  methods  that  are  advised  for  purposes  of  weevil  resistance 
and  those  that  are  calculated  to  secure  maximum  production,  even 
without  weevils. 

In  the  case  of  early  and  late  varieties  the  planting  of  the  two  side 
by  side  is  likely  to  give  an  exaggerated  idea  of  the  benefits  of  earli- 
ness.  It  is  certainly  to  be  expected  that  a  row  of  late  cotton  will  suffer 
much  more  by  being  planted  next  to  an  early  row  infested  with 
weevils  than  if  there  were  no  early  cotton  in  the  neighborhood.  But 
if  the  plantings  are  made  in  separate  fields  to  avoid  the  danger  of 
weevils  from  adjacent  rows,  the  equality  of  other  experimental  con- 
ditions can  not  be  assured.  Differences  of  yields  at  the  end  of  the 
season  can  not  be  ascribed  with  any  confidence  to  weevil  differences 
alone.  The  soil  may  differ  in  fertility  or  in  the  content  of  moisture 
and  cause  wide  fluctuations  of  the  crop,  even  in  regions  that  have  no 
weevils.  All  other  considerations  are  likely  to  be  overshadowed  and 
forffotton  when  the  weevils  are  at  hand.  Nor  does  the  use  of  isolated 
fields  give  any  assurance  of  equality  in  the  numbers  of  weevils.  Even 
in  parts  of  the  same  field  the  extent  of  damage  from  weevils  usually 
shows  wide  variations,  often  50  per  cent  and  upward,  especially  in 
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the  early  parts  of  the  season  before  the  period  of  total  infestation  is 
reached. 

The  phintinf»:  of  the  two  kinds  of  cotton  side  by  side  insures  unfair 
conditions  for  (lie  bite  cotton  by  breeding  an  extra  supply  of  weevils 
close  at  hand.  But  if  the  experiment  is  made  in  isolated  helds  the 
usual  inequalities  of  infestation  may  give  an  unfair  advantage  to 
either  planting. 

A  field  of  late  cotton  planted  by  itself  might  appear  at  no  such 
disadvantage  in  relation  to  weevil  injury  as  would  be  expected  from 
experiments  with  early  and  late  rows  planted  close  together.  As  a 
matter  of  fact,  it  often  happens  that  a  late-planted  field  suffers  less 
from  the  weevils  than  fields  a  mile  or  two  away  that  were  planted 
a  month  or  six  weeks  earlier. 

But  as  soon  as  we  begin  to  compare  the  different  fields  more  in 
detail  it  becomes  apparent  that  many  other  elements  may  modify 
our  conclusions.  More  fertile  soil  or  more  favorable  temperatures 
that  enable  the  plants  to  make  more  rapid  and  uninterrupted  growth 
may  be  the  cause  of  a  larger  yield,  instead  of  any  particular  factor 
of  weevil  resistance  that  might  have  been  under  investigation  and 
that  might  have  very  definite  importance  in  another  case.  In  short, 
the  problem  of  weevil  resistance  is  not  to  be  separated  from  other 
complex  cultural  problems.  The  factors  of  weevil  resistance  have  to 
be  studied  and  applied  from  the  standpoint  of  the  local  conditions 
that  determine  the  choice  of  varieties  and  methods  of  cultivation. 

CONCLUSIONS. 

The  presence  of  the  boll  weevil  introduces  another  factor  of  un- 
certainty into  problems  of  cotton  production  in  addition  to  the  usual 
differences  of  soils  and  seasons.  The  effects  of  special  methods  of  cul- 
ture and  the  special  characteristics  of  varieties  should  be  taken  into 
account  in  attempting  to  grow  cotton  in  weevil-infested  regions. 

AYeevil-resisting  characters  and  methods  of  cultivation  are  more 
useful  in  dry  regions  or  in  dry  seasons,  because  the  propagation  of 
the  weevils  is  less  rapid  and  the  weevil-resisting  factors  are  effective 
for  longer  periods.  In  dry  regions  the  same  factor  that  restricts  the 
growth  of  the  plants  also  tends  to  prevent  the  propagation  of  the 
weevils.  In  humid  regions,  on  the  other  hand,  the  growth  of  the 
plants  may  be  impeded  by  wet  or  cloudy  weather  that  does  not  restrict 
the  propagation  of  the  v>'eevils. 

Wet  weather  not  only  favors  the  rapid  multiplication  of  the  wee- 
vils, but  also  interferes  with  the  application  of  cultural  expedients  for 
avoiding  weevil  injury.  Even  the  weevil-resistant  characters  of  earli- 
ness,  quick  fruiting,  and  determinate  habits  of  growth  are  likely  to 
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diminish  or  to  disappear  when  the  plants  are  grown  under  extreme 
conditions  of  heat  and  humidity. 

Smaller  injuries  from  weevils  lend  a  relative  advantage  in  dry 
regions  and  in  dry  seasons.  It  is  not  safe  to  assume  that  improved 
cultural  methods,  earliness  of  varieties,  or  special  weevil-resisting 
characters  will  have  the  same  value  in  humid  regions  that  they  may 
have  shown  in  drv^  seasons  in  Texas.  In  the  absence  of  the  limiting 
factor  of  drought,  it  is  not  safe  to  apply  the  analogies  drawn  from 
Texas  to  the  more  eastern  States. 

The  problem  of  weevil  resistance  is  especially  acute  in  the  humid 
bottom  lands  of  Louisiana  and  Mississippi,  the  chief  centers  of  pro- 
duction of  the  long-staple  Upland  varieties.  Every  possibility  of 
weevil  resistance  in  the  long-staple  district  is  worthy  of  careful  in- 
vestigation, because  special  conditions  of  soil  and  climate  make  it 
possible  to  produce  superior  grades  not  generally  obtainable  in  other 
parts  of  the  cotton  belt. 

Earlier  maturing  long-staple  varieties  that  have  been  bred  in  the 
United  States  or  acclimatized  from  abroad  may  replace  the  present 
long-staple  varieties  whose  late-maturing  habits  render  them  more 
susceptible  to  injury  by  the  boll  weevil,  especially  when  grown  in  the 
same  localities  with  early  short-staple  varieties. 

Two  additional  measures  of  weevil  resistance  are  also  worthy  of 
careful  consideration  in  humid  regions,  the  development  of  quick- 
fruiting  long-staple  varieties  and  the  better  organization  of  cotton- 
growing  communities  so  that  only  one  type  of  cotton  shall  be  grown 
in  the  same  locality, 

AAHiile  the  use  of  early-fruiting  varieties  and  the  early  planting 
of  the  crop  are  important  in  avoiding  weevil  injuries,  both  of  these 
policies  have  distinct  limitations.  Very  early  varieties  may  be  rela- 
tively unproductive,  and  too  early  planting  may  check  the  growth 
of  the  seedlings,  delay  their  development,  and  postpone  the  fruiting 
period.  The  chief  object  is  to  secure  the  most  rapid  setting  of  a 
good  crop  rather  than  the  earliest  opening  of  flowers  or  bolls. 

The  early  production  of  flowers  or  of  ripe  bolls  does  not  prove  that 
a  variety  has  the  most  effective  form  of  earliness  for  purposes  of 
weevil  resistance,  especially  if  this  precocious  fruiting  tends  to  re- 
strict the  growth  of  the  plant.  Rapidity  of  fruiting  after  fruiting 
has  once  commenced  is  more  important  than  absolute  earliness,  as 
shown  by  the  dates  of  the  first  flowers  or  the  first  open  bolls.  The 
setting  of  a  crop  of  bolls  in  the  shortest  time  after  the  flower  buds 
begin  to  appear  is  the  ideal  form  of  earliness  from  the  standpoint 
of  weevil  resistance.  This  requirement  of  rapid  fruiting  should  be 
taken  into  account  in  the  breeding  of  weevil-resistant  varieties,  as 
well  as  in  devising  improved  methods  of  culture  for  weevil-infested 
regions. 
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As  the  weevils  are  restricted  for  food  to  the  pollen  of  the  cotton 
plant  and  are  unable  to  begin  to  bi'eed  until  the  production  of  flower 
buds  has  begun,  breeders  of  new  varieties  for  weevil  conditions 
should  consider  that  plants  may  gain  rather  than  lose  if  the  forma- 
tion of  fruit  buds  can  be  deferred  till  the  roots  and  other  vegetative 
parts  have  made  considerable  progress,  especially  if  this  preliminary 
growth  allows  the  more  rapid  formation  of  fruit  buds  when  fruiting 
has  once  connnenced. 

Though  later  flowering  varieties  might  appear  to  suffer  more  from 
the  weevils  than  the  early-flowering  varieties  if  the  two  were  planted 
side  by  side,  the  true  agricultural  value  of  a  late-flowering  variety 
would  not  be  settled  by  such  an  experiment.  It  is  obvious  that  some- 
what later  flowering  would  not  be  a  disadvantage  if  it  shortened  the 
period  of  setting  the  crop.  Nor  w^ould  a  somewhat  later  opening  of 
the  first  bolls  be  undesirable,  especially  if  there  were  a  tendency  for 
the  whole  crop  to  open  more  nearly  together. 

The  practical  value  of  rapid-fruiting  long-staple  varieties  would 
also  be  increased  if  they  were  planted  by  whole  communities.  The 
exclusion  of  earlier  short-staple  varieties  might  be  expected  to  give 
the  long-staple  varieties  less  exposure  to  w^eevil  injuries,  and  at  the 
same  time  it  would  help  to  maintain  the  uniformity  of  the  crop  by 
avoiding  cross-pollination  by  bees  and  admixture  of  seed  in  public 


gms. 
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DIMORPHIC  LEAVES  OF  COTTON  AND  ALLIED 
PLANTS  IN  RELATION  TO  HEREDITY. 


INTRODTTCTION. 

Parallel  series  of  variations  in  the  forms  of  the  leaves  can  be 
traced  through  numerous  species  of  cotton  and  also  in  other  genera 
of  Malvaceae,  such  as  Hibiscus,  Abelmoschus,  and  Ingenhousia.  The 
parallel  variations  appear  as  characters  of  different  cultivated  varie- 
ties and  are  also  represented  by  dimorphic  specializations  of  leaf 
forms  in  difl'erent  parts  of  the  same  plant. 

Though  this  class  of  variations  has  received  little  attention  hitherto, 
the  facts  are  of  interest  in  relation  to  general  questions  of  heredity 
and  to  tlie  practical  problems  of  breeding  superior  varieties  and 
maintamiiig  their  uniformity  by  selection.  Recognition  of  dmior- 
phism  of  the  leaves  and  branches  in  cotton  and  related  plants  enlarges 
the  range  of  characters  that  may  be  used  m  distinguishing  varieties 
and  in  determining  the  influence  of  environment  upon  the  expression 
of  characters. 

The  cotton  plant  affords  unusually  good  opportunities  for  the 
study  of  environmental  modifications,  but  it  is  essential  that  the 
characters  and  habits  of  the  various  cultivated  forms  be  well  known 
if  the  differences  of  behavior  in  different  conditions  are  to  be  cor- 
rectly understood.  Studies  of  environmental  differences  or  of  corre- 
lations of  characters  that  do  not  take  into  account  the  normal  diver- 
sity in  the  structure  of  the  different  parts  of  the  plant  may  give  very 
misleading  results. 

Though  different  kinds  of  leaves  or  branches  represent  very  definite 
facts  of  heredity,  yet  the  expression  of  such  characters  can  be  influ- 
enced by  external  conditions.  Thus  it  has  been  found  that  new  con- 
ditions may  seriously  disturb  the  expression  of  characters  in  the  cotton 
plant,  even  to  the  extent  of  a  complete  suppression  of  the  fruiting 
branches,  so  that  the  plants  remam  completely  sterile,  although 
showing  a  high  degree  of  vegetative  vigor.  The  behavior  of  such 
plants  may  be  compared  with  that  of  sterile  hybrids.  In  both  cases 
there  is  a  failure  to  bring  the  full  series  of  normal  characters  into 
expression.^ 

1  Cook,  O.  F.  Dimorphic  Branches  in  Tropical  Crop  Plants:  Cotton,  CoiTee,  Cacao,  the  Central  Ameri- 
can Rubber  Tree,  and  the  Banana.  Bulletin  198,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture, 
1911,  pp.  18-27. 
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For  the  purposes  of  the  selection  that  has  to  be  maintamed  in  order 
to  keep  a  superior  stock  in  a  condition  of  uniformity,  it  is  quite  as 
important  to  recognize  varieties  by  the  characters  of  their  leaves  and 
brandies  as  by  those  of  the  bolls  and  seeds.  Indeed,  selection  by 
vegetative  characters  can  be  made  even  more  efficient  than  selection 
by  fruit  characters  because  it  enables  degenerate  variations  to  be 
recognized  and  removed  early  in  the  season,  thus  avoiding  the  danger 
of  spreading  mferior  characters  through  cross-pollmation.^ 

Selection  is  our  means  of  keepmg  undesirable  characters  from 
coming  mto  expression,  but  it  does  not  prevent  the  transmission  of 
sucli  characters.  Even  though  all  the  lines  of  descent  that  show  ten- 
dencies to  the  expression  of  undesirable  cliaracters  be  rejected,  the 
possibilities  of  such  expression  remain  in  the  other  lines  and  are 
likely  to  be  reawakened  if  selection  be  relaxed.  One  of  the  most 
important  problems  in  the  selective  breeding  of  cotton  and  other 
seed-propagated  field  crops  is  to  make  selection  more  efficient  by 
more  adequate  knowledge  of  the  characteristics  and  behavior  of  the 
plants,  so  that  deviations  from  a  type  can  be  more  easily  recognized 
and  removed  from  the  stock  and  the  exciting  causes  of  such  devia- 
tions avoided. 

DIMORPHISM  A  PHENOMENON  OF  ALTERNATIVE  EXPRESSION. 

The  most  miportant  of  the  general  facts  or  principles  of  heredity 
that  may  be  illustrated  by  the  phenomena  of  dimorphism  is  the 
fundamental  distinction  between  expression  and  transmission.  Unless 
this  distinction  is  appreciated  it  is  impossible  to  understand  the 
measures  of  selective  breeding  that  are  required  to  preserve  the  uni- 
formity and  maintam  the  agricultural  value  of  superior  varieties  of 
cotton  and  other  seed-propagated  crop  plants.  Many  efforts  are 
being  made  to  solve  the  problem  of  heredity  by  seeking  m  the  proto- 
plasm of  germ  cells  for  microscopic  organs  or  mechanisms  that  are 
supposed  to  transmit  the  characters  from  the  parents  to  the  offspring. 
While  the  discovery  of  such  a  meclianism  would  be  of  great  scientific 
interest,  tlie  facts  of  lioreiHty  that  promise  to  be  of  most  value  from 
the  standpoint  of  agricultin-al  application  are  facts  of  expression. 
Even  without  determuiing  the  mechanism  of  transmission  it  is  pos- 
sible to  investigate  the  effects  of  breeding  and  en^^.ronment  upon  the 
expression  of  characters.- 

The  doctrine  elaborated  by  Weismann  that  there  is  a  funda- 
mental distinction  between  the  germ  plasm  and  the  protoplasm  of 
the  somatic  or  vegetative  tissues  has  doubtless  tended  to  prolong  the 

•  Cook,  O.  F.  Cotton  Selection  on  the  Farm  by  the  Characters  of  the  Stalks,  Ivcaves,  and  Bolls.  Cir- 
cular 06,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1911. 

2  Cook,  O.  F.  Transmission  Inheritance  Distinct  from  Expression  Inheritance.  Science,  n.  s.,  vol. 
25, 1907,  p.  911. 
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coiil'iision  ol"  the  facts  of  expression  witJi  tliose  of  transmission.  Tiie 
phenomena  of  inheritance  have  been  supposed  to  center  exchisively 
in  the  germ  cells,  the  assumption  being  that  all  tlio  characters  that 
are  to  be  sliown  in  the  adult  are  determmcd  beforehand  in  the  germ 
cells.  TJio  facts  of  (limor{)hism  suggest  that  the  phenomena  of 
heredity  find  breeding  can  be  studied  in  tlie  vegetative  parts  of  the 
plants  as  well  as  in  the  floral  or  reproductive  organs  or  in  the  proto- 
plasmic mechanism  of  the  germ  cells. 

The  production  of  a  succession  of  different  kinds  of  internode  indi- 
viduals by  vegetative  propagation  shows  that  characters  may  be 
brought  into  expression  and  then  suppressed  and  replaced  by  other 
characters  without  the  necessity  of  new  conjugations  to  form  new 
germ  cells.  In  all  the  higher  plants  the  expression  of  the  characters 
is  changed  repeatedly  during  the  growth  of  each  individual.  This 
may  be  one  of  the  reasons  why  the  processes  of  heredity  appear  to  be 
more  susceptible  to  environmental  influences  in  plants  than  in 
animals. 

That  the  leaves  and  other  vegetative  parts  of  many  plants  do  not 
have  the  power  of  regenerating  or  bringing  the  characters  of  the 
other  parts  into  expression  does  not  demonstrate  a  fundamental 
difference  between  the  germinal  and  somatic  protoplasm.  In  some 
plants,  such  as  the  Begonia,  it  is  evident  that  all  of  the  tissues  inherit 
all  of  the  characters,  since  new  plantlets  are  able  to  bud  out  freely 
from  the  leaf  blades,  petioles,  and  stalks. 

In  Bryophyllum  also  young  plantlets  are  produced  from  the  leaves, 
but  only  from  i)articular  points  along  the  margins  instead  of  from 
the  whole  surface  of  the  leaf.  But  even  with  the  most  definite  limi- 
tations of  expression  there  may  be  evidences  of  complete  transmis- 
sion. Thus  lateral  branches  of  coffee,  though  apparently  quite 
unable  to  produce  upright  shoots  from  vegetative  buds,  are  certainly 
able  to  transmit  all  the  characters  of  the  species,  for  all  the  fruit  is 
produced  on  the  lateral  branches. 

If  there  were  a  complete  correspondence  between  expression  and 
transmission,  so  that  the  transmitted  characters  of  a  variety  could 
be  fully  known  from  a  single  individual  or  from  a  generation  of 
uniform  individuals,  the  characters  of  a  pure-bred  uniform  variety 
might  be  expected  to  remain  fix;ed  for  all  time  and  further  selection 
would  be  entu'ely  unnecessary,  as  assumed  in  some  theories.  But 
in  reality  no  such  permanent  uniformity  has  been  found  to  exist. 
No  refinement  of  the  breeder's  art  establishes  an  unchanging  expres- 
sion of  characters  in  any  seed-propagated  plant,  or  even  in  those 
that  are  increased  by  vegetative  propagation.  It  is  easy  to  under- 
stand that  selected  strains  of  wheat  or  other  plants  adapted  to  self- 
fertilization  may  show  greater  and  more  permanent  uniformity  than 
95213°— Bui.  221—11 2 
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varieties  of  cross-fertilized  plants  like  cotton  and  corn,  but  the  idea 
of  an  absolutely  fixed  or  constant  expression  of  characters  does  not 
accord  with  the  facts  of  biology. 

The  successive  formation  of  the  different  organs  of  the  plant  repre- 
sents a  series  of  changes  in  the  expression  of  the  characters,  often  as 
definitely  contrasted  as  differences  between  varieties  or  species. 
Even  in  purely  vegetative  organs  like  the  leaves  speciahzed  dimor- 
phic changes  of  expression  may  be  established  m  some  species, 
instead  of  more  gradual  or  continuously  varied  changes  that  appear 
in  related  species  or  even  in  other  varieties  of  the  same  species. 

In  the  study  of  heredity,  as  in  many  other  fields  of  scientific  explo- 
ration, there  is  a  tendency  to  give  special  values  to  evidence  drawn 
from  remote  or  difficult  sources  and  to  overlook  the  significance  of 
familiar  facts  or  of  those  that  are  capable  of  eas}^  and  direct  observa- 
tion. Yet  it  must  be  recognized  that  any  underlying  principles  or 
general  facts  of  heredity  that  are  to  be  of  practical  use  must  have 
relation  to  readily  visible  external  characteristics  of  our  most  familiar 
domestic  animals  and  plants.  The  more  familiar  the  facts,  the  more 
ready  and  reliable  should  be  the  interpretation,  were  it  not  for  the 
greater  interest  generally  secured  by  more  remote  and  more  doubt- 
ful considerations. 

Though  some  of  the  facts  described  in  this  paper  may  not  have 
been  previously  recorded  in  connection  with  the  cotton  plant  and  its 
relatives,  similar  facts  are  common  enough  in  other  genera  and  f amihes 
of  plants.  The  dimorphic  leaves  and  branches  of  cotton  and  other 
related  plants  do  not  represent  extreme  types  of  specialization,  but 
this  may  give  them  the  greater  interest  from  the  standpoint  of 
heredit}'^  because  of  the  intermediate  position  between  the  more 
definite  and  less  definite  forms  of  alternative  inheritance. 

It  is  usual  to  think  of  plants  as  simple  individuals,  but  in  reaUty 
they  are  com[)ound  individuals  built  up  by  the  association  of  many 
individual  internodes  or  metamers,  each  of  which  may  be  capable 
of  an  indei^endont  existence.  The  internode  individuals  are  not 
all  of  one  kind.  In  addition  to  the  s})ecialization  of  some  of  them 
as  floral  organs  definit(^  difl"erences  are  often  to  be  found  among  the 
vegetative  metamers.  The  fact  that  many  plants  seem  to  lack 
definite  specializations  among  the  vegetative  internodes  only  ren- 
ders such  peculiarities  the  more  interesting  when  they  occur,  for 
they  throw  another  light  on  the  facts  of  evolution  and  heredity. 

The  development  of  any  individual  })lant  may  be  viewed  as  a 
progressive  change  of  ex])ression  of  characters,  the  juvenile  charac- 
ters giving  place  to  the  adult,  but  the  changes  are  generally  so  gradual 
as  to  suggest  no  analogy  with  the  Mendelian  form  of  definitely  con- 
trasted alternative  inheritance.     Abrupt  changes  from  juvenile  to 
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adult  forms  of  foliage  liiive  long  been  known  in  such  cases  as  junipers 
and  eucaly})ts,  but  these  have  not  been  considered  as  of  the  same 
nature  as  the  contrasted  inheritance  of  Mendelian  characters.  In 
the  case  of  the  cotton  and  Hibiscus,  however,  it  ai)pears  that  Mende- 
lian relations  exist  in  characters  that  are  also  subject  to  abrupt 
change  during  individual  development.  iMendelian  inheritance  is 
associated  with  other  contrasted  changes  in  the  expression  of  char- 
acters. The  same  characters  that  show  contrasted  expression  in 
Mendelian  hybrids  may  be  as  definitely  contrasted,  in  related  plants, 
in  the  growth  of  each  individual.  ^lendelism,  like  the  dimorphic 
differences,  may  be  looked  upon  as  representing  alternative  expres- 
sion of  characters  instead  of  alternative  transmission. 

ABRUPT   CHANGES   OF   LEAF  FORMS   IN  HIBISCUS   CANNABINUS. 

A  very  pronounced  example  of  dimorphism  of  leaves  was  observed 
in  Eg3^pt,  in  May  and  June,  1910,  in  Hibiscus  cannahinus,  the  so- 
called  Deccan  or  Ambari  hemp,  a  plant  commonly  grown  along  the 
borders  of  cotton  fields.  The  object  of  planting  the  hemp  with  the 
cotton  is  to  avoid  the  injuries  of  the  plant  lice,  which  are  usually 
severe  on  the  more  exposed  margins  of  the  fields.  Though  the  hemp 
plant  is  a  rather  close  relative  of  the  cotton,  it  is  much  less  susceptible 
to  the  attacks  of  the  insects  and  grows  up  more  rapidly.  The  cotton 
field  is  protected  against  the  drier  outside  air  that  might  otherwise 
enable  the  plant  lice  to  destroy  the  outer  rows.  Moreover,  a  bast 
fiber  extracted  from  ♦the  Hibiscus  is  made  into  a  coarse  cordage  used 
for  many  agricultural  and  domestic  purposes. 

Variations  of  leaf  forms  in  the  hemp  ])lant  show  a  curious  parallel 
with  cotton.  In  addition  to  the  entire  or  very  broadly  lobed  leaves 
comparable  to  those  of  ordin^w-y  Upland  varieties  of  cotton,  there 
are  other  varieties  with  deeply  divided  narrow  leaves,  like  the  so- 
called  ''okra"  varieties  of  cotton  in  the  United  States,  and  some  wdth 
leaves  parted  to  the  base  into  narrow  digitate  segments,  a  condition 
also  known  in  some  of  the  tropical  varieties  of  cotton.  (Pis.  I,  II, 
and  V.) 

Further  similarity  was  found  in  the  fact  that  the  Egyptian  variety 
of  Hihiscus  cannahinus  with  the  lobed  leaves  produced  entire  leaves 
at  the  base  of  the  stalk,  as  also  happens  with  the  narrow-lobed 
"okra"  varieties  of  Upland  cotton.  The  Hibiscus  leaves  show  a 
very  abrupt  transition  from  the  broad,  simple  form  of  leaves  on  the 
lower  part  of  the  stalk  to  the  narrow,  deeply  lobed  form  on  the 
upper  part  (fig.  1);  this  abrupt  change  in  the  characters  of  the 
leaves  seemed  the  more  w^orthy  of  notice  on  account  of  the  fact  that 
Mendelian  segregation  of  tlie  broad  and  narrow  forms  of  leaves  has 
been  found  to  occur  in  the  second  generation  of  crosses  between 
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varieties  of  cotton  representiniii;  two  corresponding  types  of  leaves. 
The  hemp  pLants  with  the  two  kinds  of  leaves  represent  a  segrega- 
tion of  characters  among  the  internode  members  of  the  same  plant. 
The  leaves  of  the  upper  part  of  the  stem  are  all  deeply  lobed,  while 
those  of  the  lower  part  are  without  lobes.  The  transition  is  usually 
quite  abrupt,  though  the  leaves  that  are  close  to  the  transition  are 
often  slighth"  different  from  others  of  the  same  class.  A  premonition 
of  the  change  may  be  found  in  the  larger  margmal  teeth  of  the  last 
of  the  undivided  leaves  (fig.  2),  or  the  last  simple  leaf  may  have  a 
prominent  angle  on  one  or  both  sides  (fig.  3).  A  more  definitely 
intermediate  condition  aj^pears  when  a  leaf  is  divided  on  one  side 


Fig.  1  .—Growing  tips  of  stalks  of  Hibiscus  mnnabinus,  shomng  changes  from 
simple  to  lobed  leaves.    (Natural  size.) 

but  not  on  the  other.  (See  PI.  II.)  In  such  cases  there  is  usually 
a  ver}^  pronounced  difference  between  the  two  sides  of  the  leaf,  so 
that  the  change  from  the  enth'e  to  the  lobed  condition  is  still  quite 
abrupt  in  comparison  with  the  very  gradual  changes  shown  in  many 
])lants  in  passing  from  the  large  basal  or  radical  leaves  to  those  of  the 
upper  i)art  of  the  stalk. 

Specimens  to  illustrate  the  abrui)t  nature  of  the  transition  from 
the  entire  to  the  lobed  form  of  leaf  (PI.  I)  were  taken  quite  at 
random,  excejit  for  the  necessity  of  seekmg  plants  that  had  unin- 
jured leaves  at  the  nodes  where  the  transition  took  place.     Many  of 
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the  leaves  were  badly  luiitilated  by  the  bites  of  insects.  It  was  also 
necessary  to  search  a  littk^  farther  to  find  examples  of  more  gradual 
transition  from  the  entire  to  tlie  divided  state.     (See  PI.  II.) 

Those  who  })refer  matliematical  statements  of  such  facts  might 
measure  the  deptlis  of  the  incisions  of  the  leaves  and  construct 
curves  or  other  numerical  expressions  of  the  differences  of  form, 
but  the  nature  of  the  differences  is  apparent  in  the  photo(:;raj)hic 
reproductions.  It  is  evident  from  the  abrupt 
ness  of  the  transition  that  curves  representing 
measurements  of  the  divisions  of  the  leaves 
would  show  two  very  distinct  and  well- 
separated  modes,  quite  as  distinct  as  those  that 
would  represent  the  expression  of  contrasted 
characters  in  cases  of  ISfendelian  segregation  in 
the  second  generation  of  a  h3"brid. 

It  is  difficult  to  imagine  that  any  practical 
advantage  can  be  secured  by  the  plants  by 
changing  the  form  of  the  leaves  thus  abruptly 
part  way  up  the  stalk.  Yet  it  is  possible  that 
the  different  forms  of  the  leaves  mav  be  con- 
nected  wdth  the  fact  that  there  is  a  difference 
of  function  among  the  internodes  of  the  stalk. 
The  internodes  of  the  upper  part  of  the  stalk 
produce  fruit  or  fruiting  branches,  while  those 
of  the  lower  part  do  not.  Some  of  the  lower 
internodes  of  the  cotton  stalk  give  rise  to  large 
vegetative  limbs  with  the  same  functions  as 
the  stalk,  while  other  internodes  produce  only 
small  abortive  branches  or  none  at  all.  Sev- 
eral of  the  barren  mternodes  usually  intervene 
between  the  highest  of  the  vegetative  limbs  and 
the  lowest  of  the  functional  fruiting  branches, 
as  though  it  were  difficult  to  change  abruptly 
from  one  form  of  branches  to  the  other. 

In  Deccan  hemp  and  the  okra  plant  the 
fruits  are  borne  directly  at  the  axils  of  the 
main  stalk  without  the  intervention  of  fruiting 
branches.  It  may  be  that  the  divided  leaves  indicate  in  advance  the 
internodes  that  are  to  produce  flowers  and  fruit.  Change  of  leaf 
form  marks  the  approach  of  the  fruiting  condition  in  such  plants  as 
Hedera  helix  and  Ficus  repens,  but  in  such  cases  the  change  of  leaf 
forms  does  not  occur  on  the  same  axis  of  growth.  The  creeping 
stems  of  the  juvenile  stage  represent  an  adaptive  condition  inter- 
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Fig.  2.— Four  leaves  from  suc- 
cessive internodes  of  the  same 
stalk  of  Ilihixcus  cannabinus, 
showing  slight  dilTerences 
among  the  simple  leaves  and 
abrupt  change  to  the  divided 
form.     (Natural  size.) 
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ralated  into  the  life  histories  of  these  i)huits,  hke  the  larval  stages  of 
insects. 

The  joints  of  the  stalk  of  the  cotton  plant  may  also  be  considered 

as  dimorphic  with  reference  to 
the  two  kinds  of  branches  that 
they  produce,  but  it  is  a  further 
step  m  hereditary  specialization 
if  the  joints  prove  to  be  differ- 
entiated also  by  the  forms  of 
leaves  that  subtend  the  two  kinds 
of  branches.  The  external  condi- 
tions often  appear  to  influence  the 
number  of  vegetative  branches, 
but  it  is  not  yet  known  whether 
such  changes  are  caused  by  direct 
transformations  in  buds  already 
formed  or  are  previously  deter- 
mined in  the  growth  of  the  pri- 
mary stalk.  It  may  be  that  dif- 
ferences in  the  forms  of  the  leaves 
will  help  to  show  when  the  char- 
acters of  the  branches  are  deter- 
mmed. 

In  Upland  varieties  of  cotton 
the  fruiting  branches  are  pro- 
duced closer  to  the  base  of  the 
plant  than  in  the  Egyptian  cot- 
ton, and  the  seedlings  of  Upland 
cotton  also  begin  to  produce 
lobcd  leaves  at  earlier  stages  than 
EgA'ptian  seedlings.  The  second 
or  third  leaves  of  Upland  cotton 
often  show  distinct  lobes,  and  in 
some  varieties,  such  as  "Willet's 
Red  Leaf,"  even  the  first  leaf  may 
be  luhcd.  In  the  Egyptian  cot- 
ton, where  the  vegetative  branches 
are  more  numerous  and  the  fruit- 
ing branches  begin  farther  up 
the  stalk,  the  seedlings  usually 
produce  from  five  to  seven  entire  leaves  l)cl'ore  the  lobod  leaves  begin 
to  appear.  In  luxuriant  plants  the  vegetative  branches  continue 
farther  up  the  stalk  than  the  entire  leaves,  but  under  other  conditions 
the  vegetative  branches  are  less  numerous.     Fruiting  branches  have 


Fig.  3.— Leaves  from  adjacent  inlernodes  of 
Hibiscus  cannabinus,  showing  transition  from 
the  simple  to  the  divided  form,  but  with  the 
lobes  indicated  in  the  simple  leaf  by  prominent 
angles.    (Natural  sire.) 
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been  found  on  the  Egyptian  cotton  in  Arizona  as  low  as  the  seventh 
node,  as  reported  by  Mr.  Argyle  ]McLachhin. 

LEAF  FORMS  OF  VARIETIES  OF  HIBISCUS  CANNABINUS. 

At  least  two  varieties  of  the  Dcccan  hemp  are  grown  in  Kgypt, 
one  with  deei)ly  divided,  finely  tootlied  leaves  (Pis.  I  and  II)  and 
the  other  with  more  coarsely  toothed,  undivided  leaves  (figs.  1,2, 
3,  and  4).  It  does  not  appear  that  cither  of  these  Egyptian  varieties 
has  been  introduced  into  the  United  States,  but  a  third  variety 
wdth  digitately  parted  leaf  blades,  not  seen  in  Egypt  but  supposed 
to  come  from  India,  has  been  grown  experimentally  in  Louisiana. 
(Figs.  5  and  6.) 


Fig.  4.— Simple-leaved  Egyptian  variety  of  Hibiscus  cannabinus.    (Natural  size.) 

The  variety  w4th  the  dimorphic  leaves  is  much  more  generally 
planted  in  Egypt,  but  plants  with  broader,  undivided  leaves  are 
often  found  grow^mg  with  the  others.  At  Tanta,  to  the  north  of 
Cairo,  separate  plantings  of  the  broad-leaved  variety  were  seen. 
The  plants  seemed  larger,  coarser,  and  of  a  darker  green  color  than 
those  of  the  narrow-leaved  type  growing  in  the  same  locality.  The 
leaves  are  distinctly  larger  and  with  the  margms  much  more  coarsely 
toothed.  A  tendency  to  the  lobed  form  of  leaf  seemed  to  be  indi- 
cated in  this  variety  only  by  the  somewhat  larger  teeth  at  the  ends 
of  the  largest  of  the  oblique  veins.  There  may  be  a  general  corre- 
lation between  the  shape  of  the  leaf  and  the  size  of  the  margmal 
teeth.     The  teeth  seem  to  be  larger  in  the  undivided  leaves  of  the 
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(liniorpliic  variety  than  in  the  lobed  leaves.  The  smallest  teeth  are 
found  on  the  specimens  with  the  very  nan'ow  digitate  lobes.  (See 
figs.  5  and  6.) 

Examples  of  transition  forms  of  leaves  seem  to  be  more  common 
on  plants  with  rather  small,  narrow-pointed,  sharjoly  dentate  leaves 
than  in  plants  with  larger  leaves  and  less  numerous  teeth.  (See 
PI.  II,  A,  B,  C,  and  D.)  It  is  not  impossible  that  these  differences 
represent  distinct  varieties  or  strains.  There  is  no  reason  to  suppose 
that  the  Egyptian  varieties  of  this  plant  have  been  subjected  to  any 

more  close  or  careful  selection  than  the  Egyp- 
tian varieties  of  cotton,  which  were  found  to 
exhibit  a  wide  range  of  diversity. 

In  Hooker's  "Flora  of  British  India"  the 
leaves  of  Hibiscus  cannabinus  are  described 
in  two  slightly  different  ways,  once  "Lower 
leaves  entire,  upper  lobed,"  and  again  "Lower 
leaves  cordate,  upper  deeply  palmately  lobed, 
lobes  narrow  serrate."  The  narrow-lobed 
variety  shown  in  figures  5  and  6  would  seem 
to  conform  most  nearly  to  this  description, 
though  none  of  the  lower  leaves  are  shown  in 
the  pressed  specimens  of  tliis  variety  in  the 
Economic  Herbarium  of  the  United  States 
Department  of  Agriculture.  The  species 
seems  not  to  be  represented  in  the  National 
Herbarium.  The  leaves  of  the  Egyptian 
varieties  would  hardly  be  described  as  cor- 
date, though  some  of  those  in  Plate  II  show 
a  slight  reentrant  angle  at  the  base. 

The  lobing  of  the  leaves  of  the  dimorpliic 
Egyptian  variety  is  not  unlike  that  of  the 
plant  depicted  as  Ilibiscus  cannabinus  in  Rox- 
burgh's "Plants  of  the  Coast  of  Coromandel" 
(vol.  2,  pi.  190),  except  that  some  of  the  upper 
leaves  are  shown  with  five  lobes.  Though  no 
such  leaves  were  seen  on  the  Egyptian  plants 
in  July  it  is  quite  possible  that  they  occur  later  in  the  season.  Rox- 
burgh also  gives  a  separate  figure  of  a  simple  narrowly  lanceolate  leaf 
and  states  that  this  form  occurs  at  the  toj)  of  tlie  fidl-grown  plants. 
According  to  Wester  a  similar  reduction  of  the  later  leaves  is  shown 
in  the  roselle  plant  {Hibiscus  sabdariffa)} 

•  Wester,  P.J.  Roselle:  Its  Culture  and  U>ses.  Farmers'  Bulletin  307,  U.S.  Dept.  of  Agriculture, 
1907,  p.  7.  "  The  leaves  on  the  young  plants  are  entire;  as  the  plant  increases  in  size  the  loaves  change 
to  palmately  five  parted;  later  the  leaves  in  whose  axils  the  flowers  are  borne  are  three  parted." 
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Fig.  5.— Three-lobed  leaf  of  nur- 
row-lobod  variety  of  Ilibincus 
cannabinus,  grown  in  Louisi- 
ana.   (Natural  size.) 
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The  (liiu()r])hism  of  the  leaves  of  Hibiscus  cannahinus  is  tlie  more 
interestino;  ])ecaiise  a  closely  parallel  series  of  leaf  forms  appears  in 
the  cotton  plant.  Entire  or  broa(l-lo})ed  leaves  are  found  in  all 
varieties  of  cotton,  at  least  during  the  earlv  stages  of  growth,  the 
lobes  becoming  more  pronounced  with  maturity.  (Figs.  7  and  8.) 
Narrow-leaved  varieties  of  U})land  cotton,  popularly  known  as 
''olvra"  cotton,  show  a  dimorphism  corresponding  quite  closely  to 
that  of  the  cHmorphic-leaved  Egyptian  variety  (fig.  9),  and  others 
have  a  still  more  deeply  divided,  strongly  digitate  form,  like  the 
variet}'  of  Hibiscus  cannahinus  grown  in  Louisiana  (fig.  10).  Young 
plants  of  olvra  cotton  have,  at  first,  entire  or  broad-lobed  leaves  like 
the  seedlings  of 
other  varieties  of 
Upland  cotton,  but 
whether  the  change 
is  gradual  or  abrupt 
hasnotbeennoticed. 

Individual  plants 
with  narrow-lobed 
leaves  appear  occa- 
sionallv  as  mutative 
variations  in  broad- 
lobed  varieties. 
Thus  the  narrow- 
lobed  leaf  shown  in 
figure  9  represents 
a  variety  called 
^'Park's  Own,"  said 
to  have  originated 
as  a  variation  of  the  King  variety.  (See  fig.  S.)  Several  other 
mutations  have  been  observed  in  experimental  plantings  of  the  King 
cotton  in  Texas  showing  different  degrees  of  expression  of  the 
tendency  to  narrow  lobes. 

Transitions  fi'om  entire  to  broadly  lobed  leaves  are  to  be  found  on 
nearly  every  plant  of  Upland  cotton,  though  entire  leaves  are  more 
abundant  on  some  varieties.  Vegetative  branches  often  have  small, 
entire  leaves,  like  those  of  young  seedlings,  on  the  short  basal  inter- 
nodes.  The  proportion  of  entire  leaves  also  seems  to  differ  in  varie- 
ties and  is  mfluenced  by  conditions  of  growth,  humid  greenhouse 
conditions  having  a  distinct  tendency  to  produce  more  of  the  entire 
leaves  and  to  retluce  the  lobes  of  the  others. 

An  individual  plant  of  Triumph  cotton  found  in  a  field  at  San 
Antonio,    Tex.,    in    September,    1910,    showed    a   marked    variation 
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Fig.  6. 


-Five-lobed  leaf  of  narrow-lobed  variety  of    Hibiscus  canna- 
hinus, grown  in  Louisiana.    (Natural  size.) 
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toward  the  simple  form  of  leaves.  The  seed,  iinfortimately,  had  all 
been  picked,  so  that  the  inheritance  of  the  variation  could  not  be 
tested.  The  plant  appeared  unusually  vigorous,  but  had  the  advan- 
tage of  standing  at  the  end  of  the  row.  Most  of  the  leaves  were 
simple  and  entire  (fig.  11),  only  a  few  being  three  lobed  and  these 
with  the  lobes  unusually  short.  A  count  showed  152  simple  leaves 
and  41  with  lobes.     Some  of  the  wild  species  of  cotton  have  all  the 


Fig.  7.— Leaves  of  Upland  cotton  seedling  from  first  seven  nodes  above  the  cotyledons,  showing 

changes  of  form.    (Natural  size.) 

leaves  simple,  and  thus  complete  the  correspondence  with  the  simple- 
leaved  Egyptian  variety  of  Hibiscus  cannahinus. 

The  tendency  to  reduction  of  the  lobes  under  greenhouse  condi- 
tions represents  another  phase  of  the  general  jxirallelism  of  leaf 
forms.  This  tendency  seems  to  be  very  general,  not  only  in  different 
varieties  of  Upland  cotton,  but  also  in  the  Egyptian  and  Sea  Island 
types  that  in  open-air  conditions  have  the  lo])os  more  highly  tlcvel- 
oped  than  those  of  Upland  cotton.     The  fruiting  branches  of  green- 
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house  plants  of  Eirvptiaii  cotton  have  manv  ot  the  leaves  of  the 
fruiting  branches  quite  simple,  a  cliaracter  that  appears  very  seldom 
in  open-air  plants.  A  comparison  of  figure  12  with  figure  14  will 
give  an  idea  of  the  range  of  variation  in  leaf  forms  on  the  fruiting 
branches  of  the  Egyptian  cotton  and  of  the  extent  to  which  the 
expression  of  the  characters  may  be  modified  by  external  conditions. 
It  may  also  be  noted  that  the  entire  leaf  of  the  Egyptian  cotton 
grown  un(U>r  greenhouse  conditions  is  l)roader  and  less  pointed  than 
that  of  theUplantl  cotton  grown  in  Texas  under  open-air  conditions. 
As  the  figure  also  shows,  the  texture  of  the  entire  Egyptian  leaf  is 
much  more  delicate  than  that  of  the  Upland  loaf,  which  is  not  true 
in  outdoor  plants  of  Egy])tian  cotton. 

The  greater  tendency  of  the  Egyptian  cotton  to  produce  entire 
leaves  is  also  apparent 
in  the  early  stages  of 
growth.  Lobed  leaves 
develop  on  young  plants 
of  Upland  cotton  from 
lower  joints  than  in 
Egyptian  cotton,  as  al- 
ready noted.  Hybrids 
between  Upland  and 
Egyptian  cotton,  grown 
at  Bard,  Cal.,  in  1911, 
were  intermediate  in  this 
respect  and  usually  be- 
gan to  show  lobed  leaves 
on  the  third  joint  above 
the  cotyledons.  The 
transition  from  the  en- 
tire to  the  lobed  form  of 
leaves  was  much  more 
gradual  among  the  hy- 
brids than  in  })ure  Egyptian  j)lants.  Very  large  luxuriant  seedlings  of 
the  Egyptian  cotton,  with  vegetative  branches  alreatly  pushing  from 
the  nodes  of  the  cotyledons,  seemed  to  show  less  definite  transitions  in 
leaf  form  than  the  somewhat  smaller  and  more  normal  plants  where 
the  buds  in  the  axils  of  the  cotyledons  had  remained  dormant.  Fail- 
ure of  the  normal  specialization  of  leaf  forms  would  correspontl  with 
abnormalities  in  the  formation  of  the  branches  that  occur  very  fre- 
quently in  the  Egyptian  cotton  under  comlitions  of  too  luxuriant 
growth. 
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Fig.  8. 


-Mature  leaf  of  "King"  Upland  cotton,  parent  of  "okra- 
leaved"  variations.    (Natural  size.) 


20  DIMORPHIC    LEAVES    IN    RELATION    TO    HEREDITY. 

TWO  TYPES  OF  DIMORPHISM  OF  LEAVES  IN  COTTON. 

Tlic  (liinorphism  of  leaves  in  Hibiscus  is  of  the  same  type  as  that  of 
tlie  narrow-leaved  "okra"  cottons,  as  already  indicated.  But  there 
is  another  type  of  dimorphism  of  leaves  in  cotton,  connected  with  a 
definite  dimorphism  of  the  branches.  The  leaves  of  the  fruiting 
branches  of  cotton  are  smaller  than  those  of  the  main  stalk  and 
vegetative  branches  and  often  have  nectaries  on  only  one  or  two  of 


Fig.  "J.— Leaf  of  "  I'ark's   Own,"   an   "okra"   varii-ty   of  Aiiioricaii   Upland  cotton. 

(Natural  size.) 

the  principal  veins,  even  when  the  leaves  of  the  main  stalk  and  vege- 
tative bi-anches  have  three  nectaries  with  nmch  regularity. 

The  dimorphism  is  not  so  easily  recognized  in  the  blades  of  the 
leaves,  because  of  the  general  freedom  of  variation  in  sizes  and  shapes, 
but  ai)])ears  much  more  definite  when  attention  is  given  to  the 
stipules.  On  the  nuiin  stalk  and  the  vegetative  branches  the  leaves 
have  the  two  stipules  ecjual  in  size  and  narrowly  lanceolate  or  strap 
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shaped  (li{?.  lo),  wliilo  on  tlic  fertilo  l)ian('hcs  of  tlio  same  ])lant  one 
stijuile  may  be  much  l)roa(UM-  than  tlie  other  (fig.  14).  Broadening  of 
one  of  the  stipules  is  a  usual  and  apj)arently  quite  normal  charac- 
teristic of  tlie  Eo^'ptian  cotton.  (PI.  III.)  It  also  appears  in  a 
related  African  type  from  the  Niam  Niam,  in  the  upper  valley  of  the 
Wliite  Nile.  On  tlie  other  hand,  the  enlargement  of  the  stipules  and 
the  correspon(hng  reduction  of  the  petiole  and  blade  of  the  leaf  some- 
times represents  a  distinctly  abnormal  tendency,  accompanied  by  fie- 
quent  abortion  of  tlie  flower  buds.  In  such  cases  the  leaves  of  the 
fruiting  branches  become  rechiced  and  more  or  less  intermediate  in 
form  between  the  normal 
leaves  of  the  fertile 
branches  and  the  invo- 
lucral  bracts  that  inclose 
the  flower  buds.     (PI.  IV. ) 

These  abnormal  inter- 
mediate forms  of  leaves 
illustrate  the  nature  of  tlie 
transformation  that  ha-; 
taken  place  in  the  speciali- 
zation of  the  involucre  of 
the  cotton  ])lant.  Each 
of  the  three  bracts  that' 
compose  the  external  in- 
volucre represents  a  leaf 
with  the  blade  much  re- 
duced, the  petiole  entirely 
suppressed,  and  the 
stipules  greatly  enlarged 
and  united  with  the  blade. 
In  the  abnormal  inter- 
mediate forms  of  leaves  a 
reduction  of  the  petiole 
and  blade  is  usually  ac- 
companied by  a  corresponding  increase  of  the  stipules,  though  one 
is  generally  much  larger  than  the  other.     (Fig.  15.) 

In  contrast  with  the  other  leaves  of  the  plant,  the  bracts  might  be 
considered  as  an  extreme  case  of  dimorphism,  since  the  differences  of 
form  are  much  greater  than  those  of  the  difl'erent  types  of  foliage 
leaves.  The  occurrence  of  the  intermediate  forms  between  bracts  and 
foliage  leaves  is  also  quite  rare.  Under  some  conditions  of  growth 
such  intermediate  forms  seldom  or  never  occur,  but  under  other 
conditions,  or  at  the  end  of  the  season,  the  normal  specializations  of 
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Fig.  10.— Leaf  of  "Katteree's  Favorite,"  an  "okra"  variety  of 
American  Upland  Cotton.    (Reduced.) 
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iiilieiitance  seem  to  relax  and  tlie  abnormal  intermediate  forms  begin 
to  appear.  They  are  much  more  common  in  the  Egyptian  cotton 
than  in  the  Upland  and  have  shown  themselves  most  frequently  in  a 
peculiar  fastigiate  variety  of  the  Egj'ptian  cotton  introduced  into 
Arizona  under  the  name  of  ''Dale,"  perhaps  the  same  as  the  variety 
called  "Bamieh"  in  Eg}^pt. 

Other  series  of  abnormalities  serve  to  connect  the  outer  involucre  of 
the  cotton  flower  with  the  inner  involucre,  or  so-called  calyx,  as  though 


Fig.  11.— Cotton  leaf  without  lobes,  a  variation  of  the  Triumph  \arioty. 

(Natural  size.) 

this  organ  were  formed  from  another  type  of  reduced  and  speciaUzed 
leaves.  The  petals,  on  the  contrary,  seem  to  represent  specialized 
stamens  rather  than  specialized  leaves.  They  are  inserted  on  the 
base  of  the  staminal  colunm.  I'licir  development  from  stamens  is 
also  suggested  by  the  small,  expanded,  ])etal-like  organs  that  are 
sometimes  found  on  the  staminal  colunm  above  the  true  petals.  In 
such  a  case  the  ])etals  or  the  stamens  might  be  said  to  be  dimorphic, 
or  it  might  ])e  consickMcd  that  there  has  been  a  failure  of  the  normally 
complete  change  in  the  expression  of  the  characters  in  passing  from 
the  petals  to  the  stamens. 
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PARALLEL  LEAF  FORMS  IN  OKRA. 

The  similaritios  of  variulions  of  leaf  form  in  coUoii  and  JJeccan 
hemp  do  not  cxliaust  tlie  series  of  parallelisms.  The  okra  plant 
(Ahelmoschus  csculentus)  also  shows  the  same  general  range  of  forms 
of  leaves.     Some  varieties  have  broad  leaves  with  very  short,  rounded 


Fig.  !■-'.— Simple  leaf  of  fruiting  branch  of  Eeyiitiati  cotton,  produced  under  green- 
house conditions.    (Natural  size.) 

lobes;  others  have  rather  narrow  lobes,  separated  to  below  the 
middle,  and  there  is  a  third  type  with  very  narrow  segments  digitately 
divided  to  the  base.     Though  attention  has  not  been  paid  to  the 
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nature  of  the  trniisitiou  Iroiii  brotul  to  narrow  leaves,  it  is  prob- 
able that  varieties  differ  considerably  in  this  respect,  for  Mr.  W.  R. 
Beattie  informs  the  writer  that  broad-leaved  varieties  will  some- 
times show  a  few  deeply  divided  leaves  late  in  the  season.  Two 
general  types  of  pods  are  recognized,  but  there  seems  to  be  no  very 
definite  relation  between  tlie  form  of  the  leaf  and  that  of  the  pods. 
Long,  narrow  ])0(ls  are  not  confined   to  narrow-loavod  viirioties.  but 


FiG'.  13.— YoiHi},'  loiif  from  vogetiitivc  bmiicli  of  Ksyptiaii  cotton,  with  fn  o  lobes 
and  etinal  stipules.    (Natural  size.) 

are  shared  by  broad-leaved  sorts.  Broad-leavoil  varieties  scorn  to 
produce  the  thickest  pods,  but  some  of  the  narrow-leaved  sorts  have 
short  pods.^ 

The  prevalence  of   the   broad-leaved   forms   of  okra    in  Egy])t    is 
dou]>tless   the   explanation   of   the  fact   that   tlu>    u:\mv   Bamieh    or 

1  Beattie,  W.  R.    Okra:  Its  Culture  and  I'ses.     Fanners'  lliilletin  232,  U.  S.  Dept.  of  Agriculture,  1905- 
pp.  12-16. 

221 


PARALLEL   LEAF    FORMS    TN    OKRA. 


25 


"okra"  cotton  is  j^iveu  in  Egypt  to  a  variety  having  iniusually  l)roa(l 
and  lieavy  leaves,  the  direct  o])posito  of  tlio  variation,  to  narrow-lol)ed 
leaves  that  characterizes  the  so-called  "okra"  cottons  of  the  United 
States.  The  occurrence  of  broad-leaved  varieties  in  Egyptian  cotton 
corresponds  to  the  narrow-leaved  variations  in  Upland  cotton.  Tlie 
normal  foliage  of  the  Egyptian  cotton  is  of  the  same  general  form  as 
some  of  the  narrow-leaved  or  "okra"  variations  of  tlie  Upland  type 
of  cotton. 

There  is  a  popular  idea  in  Egypt  that  the  Bamieh  or  broad-leaved 
type  of  Egyptian  cotton 
originated  from  natural 
crossing  of  cotton  with 
okra,  the  same  explana- 
tion that  is  given  for  nar- 
row-leaved variations  of 
Upland  cotton  in  Amer- 
ica. The  Egyptian  Ba- 
mieh cotton  also  produces 
all  of  its  bolls  close  to  the 
main  stalk,  like  the  okra 
plant.  American  Upland 
A^arieties  of  the  "okra" 
type  do  ^lot  have  this 
short-branched  habit. 

The  parallelism  of  leaf 
characters  between  cot- 
ton and  okra  extends 
even  to  the  presence  of 
a  distinct  red  spot  at  the 
base  of  the  leaf  at  t\\e 
junction  with  the  petiole. 
The  presence  of  such  a 
spot  on  the  leaves  of  a 
cotton  plant  is  reckoned 
in  Egypt  as  a  distinctive 
character  of  the  inferior 
Hindi  type  that  is  respon- 
sible for  a  serious  deterio- 
ration of  the  Egyptian  stock.  The  leaves  of  the  Hindi  cotton  are  also 
a  distinctly  lighter  shade  of  green  than  those  of  the  Egyptian  cotton, 
matching  the  color  of  the  okra  leaves  very  closely.  These  similarities 
are  doubtless  responsible  for  another  popular  theory,  that  the  Hindi 
contamination  of  the  Egyptian  cotton  is  due  to  crossing  with  the 
okra  plant. 
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Fig.  14.— Youns  leaf  from  fruitin<;  branch  of  Egyptian  cotton, 
with  three  lobes  and  unequal  stipules.    (Natural size.) 
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The  presence  of  the  red  basal  spot  in  the  okra  and  other  relatives 
of  cotton  is  of  interest  from  the  standpoint  of  heredity,  in  view  of  the 

fact  that  this  character 
shows  a  somewhat  con- 
trasted or  ]\Iendeloid  ex- 
pression in  hybrids  of  Egypt- 
an  with  Hindi  or  Upland 
arieties.  The  contrasting 
variations  of  color  are  not 
confined  to  the  hybrids,  but 
may  appear  in  the  different 
stages  of  the  same  plant.* 

Varieties  of  okra  with  the 
intermediate  or  narrow- 
lobed  leaves  seem  to  be 
most  common  in  the  United 
States,  but  in  Egypt,  where 
this  crop  is  much  more  im- 
portant thanwdth  us,  broad- 
leaved  varieties  are  grown 
almost  exclusively.  Okra, 
as  well  as  Ilihiscus  cannahi- 
nus,  is  commonly  planted 
with  cotton  in  Egvpt;  but 
usually  to  take  the  place  of 
hills  of  cotton  that  have 
ailed  to  grow,  instead  of 
being  confined  to  the  bor- 
ders of  the  fields. 

The  only  narrow-lobed 
okra  plants  noticed  in  Egypt 
were  a  few  near  Medinet,  in 
the  Fayum  Oasis.  Very 
little  of  this  variety  was  said 
to  be  planted.  The  fruits 
are  considered  more  deli- 
cate, but  are  smaller  than 
those  of  the  broad-leaved 
])lants.  In  the  narrow-lobed 
variety  there  was  an  abrupt 
change  from  the  broad-lobed 
leaves  of  the  lower  part  of  the  stem  to  the  adult  form  of  leaves,  but 
even  the  broad-lobed  leaves  were  more  deeply  divided  than  those  of 

~  >  Cook,  O.  F.    Mutative  Reversions  in  Cotton.    Circular  5.3,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of 
Agriculture,  Marrli,  1910,  p.  10. 
221 


Fig.  1.").— Leaf  of  fruiting  hnmch  of  Ecyptiun  cotton,  wilh 
abnoriiuilly  reduced  blade  ;ind  enlarged,  bractlike  stipule. 
(Natural  size.) 
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a  broad-lobed  variety  included  in  tlie  same  plantin*^.  In  the  latter 
the  lower  leaves  were  almost  entire,  as  often  occurs  in  broad-lobed 
types  of  cotton. 

SIGNIFICANCE   OF  PARALLELISM  IN  THE    STUDY  OF  HEREDITY. 

The  parallel  series  of  leaf  forms  of  cotton  and  related  plants  are  of 
interest  in  connection  with  many  ])roblems  of  heredity  and  breeding. 
In  view  of  the  fact  tliat  the  same 
wide  range  of  divereity  in  leaf  forms 
exists  in  Gossy])ium,  Ilibiscns,  and 
Abelmoschns,  it  becomes  easier  to 
look  upon  such  diiferences  as 
within  the  usual  range  of  variation 
for  this  group  of  plants.  Changes 
of  characters  to  wdder  or  narrower 
leaves  do  not  require  us  to  believe 
that  a  new  character  has  originated 
or  that  hybridization  with  a  differ- 
ent type  of  cotton  has  occurred. 

The  theory  of  hybridization  as 
a  cause  of  diversity  of  leaf  forms  is 
rendered  the  more  unnecessary  be- 
cause the  w^ide  range  of  leaf  differ- 
ences appears  not  only  in  the  same 
species  or  variety,  but  on  the  same 
individual  plant.  This  is  well 
shown  in  a  wild  relative  of  cotton, 
IngenJiousia  triloba,  native  in  Ari- 
zona. (Fig.  16.)  The  young  plants 
have  entire  and  broad-lobed  leaves, 
while  the  leaves  of  adult  plants 
have  long  narrow  lobes.  The 
branches  of  Ingenhousia,  grown 
under  greenhouse  conditions,  do 
not  show  the  same  tendency  as  in 
cotton  to  return  to  simple  leaves, 
but  the  three-lobed  leaves  at  the 

base    of     the     branches     have    very       Fig.  lO.—Plant   of   Itigenhousta  triloba,  showing 

short  and  broad  lobes,  quite  unlike       ;  He^^iJeed.r™ ""'""' '°  "'''''''  "''"'"'  ^'^^''' 
the  tapering  long-pointed  lobes  of 

subsequent  leaves  of  the  same  shoot.  The  upper  leaves  have  five 
lobes,  as  in  cotton,  okra,  and  Hibiscus  cannabirms. 

The  fact  that  a  wide  variation  in  leaf  forms  occurs  on  the  same 
individual  ])lants  in  i)rmiitive  wild  species  makes  it  entirely  unneces- 
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sarv  to  rosort  to  the  idea  that  variations  in  such  cliaracters  in  cuUi- 
vatod  stocks  must  bo  (hie  to  ])revious  hyljriiUzation.  Some  writere 
consider  tliat  uniform  expression  of  characters,  as  in  a  carefully 
selected  line-bred  variety,  represent  the  normal  condition  of  heredity, 
and  assume  that  this  condition  is  found  in  wild  species.  The  diver- 
sities that  appear  through  variation  are  ascribed  to  hybridization,  to 
the  disturbing  influence  of  the  environment,  or  to  mutative  transfor- 
mation into  new  species.  Yet  diversity  is  always  found  among  the 
members  of  wild  species  as  soon  as  the  observer  gains  sulhcient 
familiarity.  The  uniformity  found  m  "pure-bred"  A^arieties  is  an 
artificial  ])roduct  established  and  maintained  by  selection.  The 
inferior  variations  that  api)ear  in  selected  strains  of  Upland  cotton 
show  the  same  range  of  diversity  that  is  found  among  the  members  of 
primitive,  unselected  stocks.  Such  variations  may  reasonably  be 
considered  as  reversions. 

The  return  of  latent  characters  to  expression  shoidd  not  be  looked 
upon  as  rare  or  exceptional,  but  as  a  normal  phenomenon  of  heredity. 
Uniform  expression  of  characters  is  rare  and  exceptional  because  the 
tendency  to  reversion  is  so  general  and  jiersistent.  Transmission  is 
permanent,  not  variable  like  expression.  Characters  that  have  been 
suppressed  for  thousands  of  generations,  like  the  incisor  teeth  of 
cattle,  continue  to  be  transmitted.  Students  of  embryology  recognize 
permanence  of  transmission  by  the  law  of  recapitulation.  The 
development  of  the-  embryo  of  a  higlier  animal  does  not  take  a 
straight  course  from  the  egg  toward  the  adult  form,  but  remains 
closely  parallel  with  the  courses  followed  in  lower  groups.  Many 
primitive  characters  are  brought  into  sUght  or  tem])orary  expression, 
though  they  may  disa})])ear  entirely  ])efore  even  the  embryonic  devel- 
opment is  comjdete. 

In  view  of  the  continued  transmission  of  primitive  characters,  the 
tendency  of  the  diversities  of  the  wild  types  of  cotton  and  other 
plants  to  reappear  in  selected  varieties  is  more  easily  understood. 
In  a  divei-se,  unselected  type  each  individual  inherits  and  transmits 
from  its  manv  ancestoi^s  a  large  number  of  characters  that  are  not 
expressed  in  its  own  body,  and  this  transmission  of  latent  characters 
continues  even  in  tlie  most  carefully  selected  variety.  Though 
op])()sed  by  selection,  the  natural  tendency  to  alternation  in  expression 
also  contumes  and  becomes  effective  in  the  occasional  individiuUs  that 
show  mutative  variations. 

It  is  true  that  examples  of  mutative  reversion  are  usually  not  fre- 
quent enough  to  affect  statistical  investigations  of  other  forms  of 
expression  of  characters,  but  they  are  of  essential  inij)ortance  in  many 
questions  of  heredity  and  breeding.  If  the  ])()ssil)ility  of  reversion 
and  suj)])ression  of  characters  ])e  left  out  of  account,  every  definite 
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chjui<j;c  ol"  churju'tors  iniist  be  considered  as  the  production  ol"  a  new 
elenientaiy  species. 

Mutative  departures  of  occasional  individuals  from  the  characters 
of  the  parent  stock  are  not  uncommon  in  cotton,  and  differences  in 
the  forms  of  the  leaves  are  one  of  the  most  readily  distin<i:;uishable 
types  of  variation.  Most  of  the  variations  that  produce  small  bolls 
can  be  recoj^nized  in  advance  by  their  smaller  and  narrower  leaves, 
or  by  other  (Hlferences  of  vegetative  characters.^ 

RELATION  OF  PARALLELISM  TO  CLASSIFICATION. 

The  importance  of  recognizing  the  fact  of  a  general  parallelism  of 
variation  in  leaf  form  running  through  the  different  types  of  cotton 
and  related  plants  is  shown  also  in  the  field  of  classification.  The 
genus  Gossypium  contains  a  large  number  of  locally  different  foi-ms 
of  cultivated  cotton,  as  well  as  numerous  wild  types.  The  classi- 
fication of  these  into  species  and  varieties  is  a  difTicult  task  of  sys- 
tematic botany.  Failure  to  recognize  the  parallelism  of  variations 
has  allowed  the  possession  of  narrow  leaves  to  be  taken  as  a  sufficient 
proof  of  relationship.  Narrow-leaved  forms  that  are  probably  qidte 
unrelated  have  been  associated  in  the  same  species,  while  broad  and 
narrow  leaved  forms  of  the  same  type  of  cotton  have  been  treated  as 
distinct  species.  These  difficulties  are  well  illustrated  in  a  most  elab- 
orate monograph  on  the  classification  of  cotton  by  Sir  George  Watt. 
The  okra-leaved  variations  of  American  Upland  cotton  are  repeatedly 
referred  to  in  this  work  and  add  not  a  little  to  the  complexities  of 
the  system  of  classification.  Indeed,  they  are  treated  quite  differ- 
ently in  different  parts  of  the  book  and  are  even  assigned  to  different 
botanical  species. 

The  first  suggestion  is  that  the  American  okra-leaved  forms  repre- 
sent a  variety  of  an  Asiatic  species,  Gossypium  arhoreum.  This 
variety  is  alleged  to  have  been  introduced  into  North  America  at  an 
early  date  and  afterwards  discarded  from  cultivation,  as  the  following 
statements  will  show: 

It  was  not  until  well  into  the  seventeenth  century  that  we  possessed  any  trust- 
worthy evidence  of  the  Asiatic  cottons  having  been  carried  to  the  New  World.  The 
Levant  cotton  (G.  herbaceum)  was  the  first  to  be  taken  to  the  United  States  and  grown 
in  Virginia.  The  Indian  cottons  (G.  obtusifolium,  various  races)  were  conveyed  to 
the  States  by  the  East  India  Co.,  and  the  Chinese  and  Siamese  cotton  (G.  nanking) 
was  carried  by  the  French  colonists  to  Louisiana  about  1758.  G.  arhoreum  proper 
does  not  seem  to  have  been  successfully  acclimatized  anywhere  in  the  New  World, 
though  the  most  important  Asiatic  (?  hybrid)  form  derived  from  that  species  {G.  arho- 
reum var.  neglecta)  was  early  carried  to  America  and  the  West  Indies  by  the  East 
India  Co.,  and  is  known  in  the  United  States  to-day  under  the  name  of  "Okra  "  cotton. 

There  can  thus  be  no  doubt  that  Indian  cottons  were  at  an  early  date  introduced 
into  the  West  Indies  and  into  the  United  States  of  America  as  well,  and  therefore 

1  Cook,  O.  F.    Cotton  Selection  on  the  Farm  by  the  Characters  of  the  Stalks,  Leaves,  and  Bolls.    Circular 
66,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  1910. 
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very  possibly  this  particular  form,  as  also  the  far-famed  Dacca  cotton,  stands  every 
chance  to  have  been  carefully  investigated  in  the  New  World.  But  the  fact  that 
G.  arboreum  var.  neglecta  has  preserved  in  the  United  States,  during  probably  close 
on  300  years  of  cultivation,  identical  characteristics  to  those  it  possesses  under  the 
widely  different  environment  of  India,  argues  strongly  against  the  structural  pecul- 
iarities by  which  it  is  recognized  being  viewed  as  merely  geographical  and  climato- 
logical  features,  that  change  or  disappear  under  altered  conditions.     *    *    * 

But  with  reference  to  the  survival  of  this  presumably  Indian  plant  in  America  and 
elsewhere  (after  its  cultivation  had  been  abandoned),  it  may  be  observed  that  once 
a  particular  species  or  race  of  cotton  had  been  introduced  into  a  favorable  cotton- 
growing  country,  even  though  its  regular  cultivation  might  chance  to  be  discon- 
tinued, it  would  be  no  great  stretch  of  imagination  to  believe  that  a  specially  hardy 
stock,  such  as  the  present  plant,  might  survive  for  centuries.  *  *  *  The  fact, 
however,  remains  that  G.  arboreum  var.  neglecta  has  been  repeatedly  recorded  as  met 
with  in  the  United  States  of  America,  and  in  the  examples  seen  by  me  the  plants  in 
question  could  not  possibly  be  separated  botanically  from  the  corresponding  Indian 
stocks.' 

It  has  not  been  found  possible  to  produce  hybrids  between  our 
American  Upland  varieties  and  the  Asiatic  species,  though  large  num- 
bers of  experiments  have  been  made  in  both  India  and  the  United 
States.  In  view  of  the  failure  to  produce  hybrids  the  Asiatic  cottons 
can  not  be  considered  as  close  relatives  of  the  American  Upland  type, 
though  they  show  the  same  general  range  of  variations  of  leaf  forms. 
That  the  close  similarity  of  leaf  form  should  have  led  Watt  to  refer 
an  American  Upland  cotton  to  an  Asiatic  species  may  be  considered 
as  a  further  testimony  to  the  complete  parallelism  of  variation. 

Another  okra-leaved  variation  of  Upland  cotton  was  considered  by 
Watt  to  represent  a  hybrid  of  Gossypium  punctatum  or  G.  Mrsutum 
and  G.  schottii,  the  last  being  a  new  species  described  by  Watt  as  a 
wild  plant  in  Yucatan.  The  idea  that  the  narrow-leaved  condition 
could  be  reached  as  a  ''natural  sport"  or  mutative  variation  from  a 
broad-leaved  variety  like  the  King  is  tacitly  rejected  in  the  following 
paragraph : 

G.  schottii,  as  defined  by  me  above,  must  of  necessity  be  a  wild  plant,  since  its 
inferior  grade  and  low  yield  of  wool  would  never  justify  its  cultivation.  It,  how- 
ever, matches  sufficiently  closely  a  hybrid  found  in  a  field  of  King's  Improved  cotton 
at  Richmond,  Va.  (recently  sent  to  me  by  Mr.  Lyster  II.  Dewey  of  the  Bureau  of 
Plant  Industry  in  the  United  States  of  America),  as  to  countenance  the  belief  that 
the  so-called  sport  in  question  may  have  originated  through  the  hybridization  of  G. 
punctatum  or  of  G.  Mrsutum  with  the  present  species.  The  specimen  came  to  me 
under  the  vernacular  name  of  okra — a  name  that  it  will  be  recollected  had  on  a  former 
occasion  been  given  to  an  American  sample  of  G.  arboreum  var.  neglecta.  It  is  sug- 
gestive of  the  West  Indian  name  ochro  (Hibiscus  esculentus)  and  possibly  thus  denotes 
the  deeply  dissected  condition  of  the  leaves.  From  the  remark  on  the  attached  label 
of  the  jiresent  specimen  it  may  be  inferred  that  the  American  authorities  were 
induced  to  believe  that,  though  widely  different  from  King's  Improved,  it  was  per- 

1  Watt,  G.    The  Wild  and  Cultivated  Cotton  Plants  of  the  World.  1907,  pp.  81,  101,  and  102. 
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haps  but  a  natural  sport.     "Thousands  of  jjlants  were  grown  from  tlic  seed,  and  but 
very  few  reverted  to  the  broad-leaf  type."  ' 

In  a  later  j^araj^rapli  of  the  discussion  of  (rossypiwn  schottii  still 
another  interi)retation  of  the  okra-leaved  variations  is  proposed: 

The  bulk  of  the  Upland  American  stock  of  present-day  cultivation  might  be  described, 
and  accurately  so,  as  consisting  of  forms  of  G.  mcxicanum.  \Vc  read  Ihaf  repeated 
fresh  supplies  of  seed  have  been  procured  direct  from  Mexico.  It  would  thus  be  no 
great  stretch  of  imagination  to  assume  the  possibility  of  hybridization  of  the  cultivated 
stock  of  Mexico  with  the  Yucatan  G.  schottii  or  some  other  allied  form.  Hence  it  is 
quite  probable  that  King's  Improved  may  itself  be  a  hybrid  of  this  nature,  the  split- 
leaved  plant  which  appeared  as  if  a  saltatory  variation  being  a  recessive  manifesta- 
tion of  the  G.  schottii  characteristics.  It  is  equally  possible,  however,  that  the  fresh 
seed,  imported  from  Mexico,  may  have  been  mixed  and  that  the  split-leaved  plant  had 
survived  in  the  States  for  some  years  (and  even  got  hybridized  there)  before  its  presence 
was  recognized,  just  as  the  "Hindi  weed  cotton"  of  Egypt  is  reproduced  year  after 
year.  In  fact  it  might  be  possible  to  be  a  cultivated  state  of  G.  schottii  in  which  no 
hybridization  existed  whatever,  a  weed  of  not  sufficient  importance  to  attract  atten- 
tion, which,  once  mixed,  the  seeds  could  not  very  readily  be  picked  out  from  the 
supply  reserved  for  future  sowings. 

If  the  narrow-leaved  variations  were  a  result  of  recent  importa- 
tions from  Mexico  they  might  be  expected  to  appear  more  fre- 
quently in  the  Texas  big-boll  type  of  cotton  and  other  varieties  that 
Watt  assigns  to  Gossypium  mexicanum  than  in  the  King  and  other 
eastern  small-boiled  varieties  that  Watt  holds  to  be  more  related  to 
Oossypium  punctatum  and  G.  Tiirsutum.  In  reality  the  okra-leaved 
variations  seem  to  be  confined  to  the  King  and  other  small-boll  tj'pes. 
They  are  certainly  very  rare  in  the  big-boll  varieties,  if  they  occur 
at  all. 

For  American  readers  it  is  hardly  necessary  to  add  that  the  theory 
of  the  existence  of  Gossypium  schottii  or  any  other  wild  type  in  the 
cotton-growing  districts  of  the  United  States  is  not  known  to  have 
any  warrant  of  fact.  There  is  a  wild  cotton  in  southern  Florida,  per- 
haps the  same  as  that  which  has  been  described  from  the  West 
Indies  as  Gossypium  jamaicense.  A  specimen  recently  received  from 
Mr.  T.  Ralph  Robinson,  collected  by  Mrs.  Robinson  on  Terraceia 
Island  in  the  lower  part  of  Tampa  Bay,  indicates  that  the  wild  cotton 
of  Florida  extends  farther  to  the  north  than  has  been  supposed  hitherto. 
Yet  it  would  be  a  mistake  to  assume  that  it  represents  a  close  rela- 
tive of  our  cultivated  Upland  varieties.  The  petals  are  yellow  and 
have  purple  spots  like  those  of  the  Egyptian  or  Sea  Island  cottons, 
instead  of  the  white,  spotless  petals  of  the  Upland  varieties. 

As  a  further  example  of  the  extent  to  which  parallelism  of  leaf  form 
may  confuse  classification,  mention  may  be  made  of  a  curious,  small- 
boiled,  narrow-leaved  cotton  found  by  Messrs.  G.  N.  Collins  and  C.  B. 
Doyle  at  Tuxtla  Gutierrez  m  southern  Mexico,  under  the  vernacular 


1  Watt,  G.     Op.  cit.,  p.  207. 
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name  "Culliiche."  The  species  has  not  been  definitely  identified, 
but  Mr.  F.  L.  Lewton  su^^gests  that  it  may  represent  Todaro's  Gossy- 
pium  microcarpum  variet}^  rvfum.  The  leaves  of  the  Culluche  cotton 
are  extremely  variable  in  form,  and  many  of  them  are  quite  simple. 

But  instead  of  being  broadly  cordate 
like  the  simple  leaves  of  Upland  or 
Egyptian  cottons,  the  simple  leaves 
of  the  Culluche  cotton  are  fusiform  or 
lanceolate,  much  like  the  abnormal 
leaves  of  the  Eg^-ptian  cotton  shown  in 
Plate  IV  and  text  figure  15.  One  of 
the  simple  leaves  of  the  Culluche  cot- 
ton is  shown  in  figure  17.  Comparison 
of  this  with  the  illustrations  of  the 
Egpytian  cotton  previously  mentioned 
will  show  how  close  a  resemblance  of 
leaf  forms  may  arise  in  species  of  cotton 
that  are  widely  different  in  other 
respects. 

RELATION    OF    DIMORPHISM   TO   MU- 
TATION. 

Viewed  as  a  phenomenon  of  heredity, 
dimorphism  of  leaves  presents  an 
analog}^  with  mutative  variation.  The 
fact  that  the  abrupt  change  or  contrast 
of  characters  occurs  in  the  same  indi- 
vidual plant  instead  of  in  separate 
])lants  should  increase  the  interest 
attachmg  to  such  variations,  especially 
if  it  appears  that  they  are  of  the  same 
general  nature  as  the  mutations  that 
give  rise  to  new  varieties. 

The  change  of  characters  involved 
in  the  production  of  dimorphic  leaves 
has  the  most  direct  analogy  with  the 
rather  rare  })henomenon  of  bud  muta- 
tion. Cases  arc  known  in  which  the 
expression  of  characters  is  changed  in  a 
single  bud  of  a  tree.  A  single  l)ranch  of  a 
tree  shows  a  defmite  peculiarity  not 
found  in  other  branches  or  other  trees  of  the  same  variety.  A  bud 
mutation  of  coffee  seen  in  Guatemala  some  years  ago  had  leaves  as 
defmitoly  unlike  the  remainder  of  the  tree  as  any  of  the  numerous 
seminal  mutations  of  coffee  that  had  been  previously  studied. 


Fig.  17.— Simple  leaf  of  Culluche  cotton 
from  Tuxtla  Gutierrez,  Mexico.  (Nat- 
ural size.) 
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The  most  obvious  (liU'eroiU'c  between  such  a  variation  and  the 
dimorphic  ])ranclies  and  leaves  of  coffee,  cotton,  or  cacao  hes  in  the 
fact  tliat  the  bud  mutations  are  of  rare  and  irreo:uhir  occurrence, 
while  the  chan*>:es  of  characters  shown  in  dimorphism  are  rejjjularly 
repeated  durinoj  the  development  of  each  individual  plant  or  tree. 
The  production  of  fertile  branches  in  the  cotton  plant  involves  a 
mutative  clian<^e  of  characters  away  from  those  that  are  expressed 
in  the  main  stalk  and  the  veo;etative  branches.  But  instead  of  pro- 
ducino;  normality  only  the  one  kind  of  branches  with  rare  mutations 
to  other  kinds,  the  regular  course  of  development  for  the  cotton  plant 
involves  the  production  of  two  forms  of  branches,  the  vegetative 
form  near  the  base  and  the  fertile  form  farther  up  the  stalk.  In  the 
Triumph  variety  of  Upland  cotton  there  may  be  said  to  be  a  double 
dimorphism,  resulting  in  three  fcirms  of  branches.  The  internodes 
of  the  lower  fruiting  branches  are  very  short,  like  those  of  the  branches 
of  "cluster"  varieties,  though  branches  with  internodes  of  normal 
length  are  ])rotluced  farther  up. 

De  Vries  has  proposed  to  associate  bud  variations  with  the  form 
of  alternative  expression  of  characters  shown  in  accommodations  to 
external  conditions  (dichogeny).  Accommodations  and  mutations 
are  alike  in  the  general  sense  that  both  may  be  considered  as  phenom- 
ena of  alternative  expression,  but  the  changes  of  expression  are  evi- 
dently determined  in  different  ways  in  the  two  cases.  Bud  varia- 
tions represent  definitely  determined  changes  in  the  expression  of  the 
characters,  like  seminal  mutations,  but  in  the  condition  of  dichogeny 
there  is  no  such  definite  determination  of  expression  on  the  part  of 
the  plant.  Changes  of  expression  continue  to  be  dependent  on  the 
external  conditions  and  are  readily  reversible  if  the  conditions  are 
changed. 

The  analogy  between  bud  variations .  and  dimorpliic  branches  is 
much  stronger,  for  both  of  these  changes  of  expression  are  determined 
by  the  plant  instead  of  depending  on  changes  of  environment  and 
after  the  changes  are  made  they  are  not  readily  reversible.  It  is 
also  to  be  noted  that  all  the  three  kinds  of  changes  of  expression 
shown  in  accommodations,  dimorphism,  and  bud  mutations  take  place 
during  the  processes  of  vegetative  growth  without  any  apparent  rela- 
tion to  the  special  organs  of  the  germ  cells  that  have  been  supposed 
to  control  the  process  of  heredity. 

For  purposes  of  the  study  of  heredity  a  very  definite  distinction 
is  to  be  made  between  changes  of  expression  of  characters  that  arise 
by  mutation  and  those  that  appear  in  response  to  differences  of 
external  conditions.  The  increase  in  the  proportion  of  simple  leaves 
on  cotton  plants  grown  under  greenliouse  conditions  is  not  the  same, 
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from  the  standpoint  of  heredity,  as  the  variation  toward  simple  leaves 
in  an  individual  plant  of  Triumph  cotton  growing  under  field  condi- 
tions, as  already  described  on  page  17.  In  the  latter  case  the  simple 
leaves  were  not  induced  by  the  external  conditions,  or  the  effect  was 
limited  to  a  single  individual  that  must  be  supposed  to  represent  an 
unusually  susceptible  condition.  And  in  such  cases  of  individual 
variation  the  change  of  expression  is  much  more  definite  and  perma- 
nent than  when  the  change  is  shared  by  a  whole  series  of  plants  or  by 
plants  of  different  kinds.  The  production  of  simple  leaves  on  fruiting 
branches  of  Egyptian  cotton  in  the  greenhouse  represents  a  general 
tendency  to  reduction  of  lobes  manifested  in  many  kinds  of  cotton 
under  such  conditions.^ 

This  distinction  does  not  turn,  primarily,  on  the  amount  of  differ- 
ence or  the  extent  of  the  change  of  expression,  but  upon  the  manner 
and  permanence  of  the  change,  and  the  same  is  true  of  the  changes  of 
expression  that  constitute  the  phenomena  of  dimorpliism.  The  result 
in  both  cases  is  the  production  of  entire  leaves;  but  one  case  probably 
represents  a  definite  mutative  variation,  the  other  a  readily  reversible 
environmental  accommodation.  Dimorphism  and  bud  mutations 
may  also  appear  to  accomplish  the  same  result,  in  that  two  definitely 
different  kinds  of  branches  are  produced  on  the  same  plant,  but  in 
the  mutation  the  change  is  permanent,  whereas  the  dimorphic  changes 
belong  to  the  series  of  regular  alternations,  though  maintained  by  the 
plants  themselves  instead  of  being  induced  by  changes  of  external 
conditions. 

The  substitution  of  vegetative  limbs  for  fertile  branches,  as  often 
occurs  in  the  cotton  plant,  inchcates  that  the  external  environment 
is  a  factor  in  modifying  expression  even  in  distinctly  dimorpliic  char- 
acters, though  it  is  not  definitely  known  whether  increase  of  vegeta- 
tive branches  results  from  the  formation  of  a  different  kind  of  buds 
in  the  first  place  or  represents  a  transformation  of  buds  that  had  a 
previous  tendency  to  prothicc  fruiting  branches.  There  are  indica- 
tions that  both  kinds  of  changes  occur,  depending  on  the  time  when 
the  external  conditions  are  changed.  Although  the  normal  course  of 
development  follows  regular  steps  it  is  often  influenced  profoundly 
by  external  conditions,  even  with  respect  to  characters  that  are  known 
to  be  subject  also  to  mutative  changes  of  expression,  such  as  the 
"cluster"  character  in  cotton.  The  occurrence  of  mutative  variation 
has  also  been  fountl  to  be  influenced  by  external  conditions,  mutations 
beinof  much  more  numerous  in  some  localities  than  others,  in  fields 
planted  with  the  same  selected  stock  of  seed. 

>  Attention  has  been  culled  by  Mr.  T.  11.  Kearney  to  the  fact  that  similar  modifications  in  oak  leaves 
growinR  in  shaded  positions  have  been  pointed  out  by  Brenner  in  a  paper  on  "Climate  and  Leaf  in  the 
Genus  Quercus."    Flora,  vol.  90, 19ff2,  pp.  U4-160. 

221 


RELATION   OF   DIMORPHISM   TO    MUTATION.  35 

The  two  kinds  of  leaves  borne  by  the  two  kinds  of  branches  of  the 
cacao  tree,  for  example,  are  probably  much  more  different  than  any 
mutations  that  have  ever  been  reported.  Changes  of  expression  in 
dimorphic  specializations  are  as  great  as  or  greater  than  in  those  that 
give  rise  to  distinct  mutative  varieties  or  sports.  Dimorpliism  not 
only  covers  at  least  an  equal  range  of  variation,  but  affects  the  same 
kinds  of  characters  as  mutative  variations.  This  is  shown  very  defi- 
nitely in  the  Upland  type  of  cotton,  where  cases  of  okra  cottons  with 
dimorphic  leaves  arise  as  mutative  variations  from  broad-leaved  vari- 
eties. The  dimorpliic  condition,  at  least  in  such  cases,  has  to  be 
looked  upon  as  a  direct  product  of  mutative  variation. 

Another  form  of  mutation,  more  common  in  Upland  cotton  than 
mutations  to  narrow  leaves,  is  the  shortening  of  the  internodes  of  the 
fruiting  branches,  as  in  the  so-called  "cluster"  varieties.  This  vari- 
ation also  has  relation  to  dimorpliism.  The  shortening  of  the  inter- 
nodes of  the  branches,  which  characterizes  the  "cluster"  varieties, 
affects  only  the  frvuting  form  of  branches.  The  vegetative  limbs  of 
"cluster"  cottons  grow  quite  as  long  as  those  of  other  varieties.  The 
expression  of  the  cluster  character  is  accompanied  by  the  expression 
of  the  other  characters  of  the  fruiting,  branches,  like  the  peculiarities 
that  come  into  expression  in  only  one  sex  of  an  animal  though  capable 
of  transmission  tlirough  the  other  sex.  Breeders  consider  that  special 
egg-laying  or  milk-producing  qualities  are  transmitted  by  male  ani- 
mals as  well  as  by  females. 

A  further  analogy  between  mutations  and  dimorphic  changes  of 
expression  of  characters  may  be  found  in  the  fact  of  coherence. 
Dimorphic  branches  do  not  differ  in  one  character  alone.  One  form 
of  branch  differs  from  another  in  all  of  its  parts.  A  whole  group  of 
characters  clings  together,  as  it  were,  in  expression.  In  a  similar  way 
a  mutative  change  usually  involves  a  large  group  of  characters.  The 
fact  of  coherence  is  of  practical  importance  in  relation  to  selection, 
for  it  enables  mutative  variations  to  be  much  more  easily  recognized 
than  if  each  detail  of  structure  or  color  were  free  to  change  inde- 
pendently. In  dimorphism,  as  well  as  in  ISIendelism  and  mutation, 
there  seems  to  be  a  tendency  to  contrasted  expression  instead  of  to 
blended  or  graded  expression.  In  other  words,  these  phenomena 
may  be  said  to  be  free  from  the  law  of  regression  enunciated  by 
Galton.  Contrasted  characters  not  only  maintain  themselves  in 
expression,  but  the  contrast  gains  reenforcement  by  combination 
with  other  alternative  characters. 

When  hybrids  are  made  between  different  species,  such  as  the 
Upland  and  Egyptian  cottons,  it  becomes  evident  that  some  char- 
acters have  much  more  freedom  of  combination  than  others.     For 

221 


36  DIMORPHIC    LEAVES    IN    EELATION    TO    HEREDITY. 

example,  the  purple  spot  at  the  base  of  the  petal  of  the  Egyptian 
cotton  may  appear  in  plants  which  otherwise  bring  only  Upland  char- 
acters into  expression.  But  the  expression  of  the  yellow  color  of  the 
petals  of  the  Egyptian  cotton  depends  very  closely  upon  the  pre- 
dominance of  Egyptian  characters  in  other  parts  of  the  plants. 
Egyptianlike  hybrids  often  have  wliite  flowers,  but  Uplandlike  plants 
with  yellow  petals  are  of  very  rare  occurrence  and  are  usually  infertile 
or  otherwise  abnormal.^ 

RELATION  OF  DIMORPHISM  TO  MENDELIAN  INHERITANCE. 

Dimorphic  leaf  characters  seem  to  have  the  same  intimate  rela- 
tions witii  MendeUan  inheritance  as  with  the  phenomenon  of  mutation. 
Indeed,  this  might  be  expected  from  the  fact  that  characters  that 
appear  as  mutations  generally  show  Mendelian  inlieritance  when 
crossed  with  other  varieties  not  affected  by  the  same  mutation. 

The  leaves  that  follow  each  otlier  on  the  same  stalk  of  a  plant  of 
Deccan  hemp  are  as  definitely  different  as  those  that  appear  on 
different  plants  in  the  second  (perjugate)  generation  of  crosses 
between  broad-leaved  cottons  and  narrow-leaved  "okra"  varieties. 
A  cross  of  this  kind  between  a  narrow-leaved  mutation  of  King  and 
a  Texas  varietv  called  Edson  has  been  studied  bv  Dr.  D.  X.  Shoe- 
maker  and  found  to  represent  an  ordinary  case  of  Mendelism.  In 
the  first  or  conjugate  generation  the  leaves  were  quite  uniformly 
intermediate,  while  the  perjugate  generation  showed  all  three  types 
of  leaves — broad-lobed,  narrow-lobed,  and  lobes  of  intermediate 
width  like  those  of  the  conjugate  generation.  Deviations  from  the 
Mendelian  proportions  were  not  greater  than  could  reasonably  be 
ascribed  to  the  effects  of  cross-fertilization. - 

Hybrids  between  another  broad-lobed  Upland  variety  of  cotton 
(Keenan)  and  an  "okra"  variety  (Ratteree's  Favorite)  have  been 
made  by  Mr.  II.  A.  Allard  in  Georgia  in  connection  with  his  experi- 
ments to  determine  the  extent  of  natural  crossing.  Photographic 
illustrations  of  the  leaves  of  the  parent  varieties  and  the  conjugate 
hybrid  are  shown  in  Plate  V,  from  some  of  Mr.  Allard's  specimens 
kindly  furnished  for  this  purpose.  All  of  the  plants  of  the  conjugate 
generation,  <S4  in  number,  had  leaves  of  interme(hate  form.  The 
behavior  of  tlie  characters  in  the  perjugate  generation  has  not  been 
reported,  but  ^Ir.  AHard  states  that  a  definite  segregation  of  the 
parental  leaf  forms  was  shown. ^ 

1  Cook,  O.  F.  Suppressed  and  Inten.sifiod  Characters  in  Cotton  Hybrids,  Bulletin  147,  Bureau  of  Plant 
Industry,  U.  S.  Dept.  of  Agriculture,  April,  Isiu.t,  p.  Ki;  and  Hindi  Cotton  in  K);ypt,  Bulletin  210,  Bureau 
of  riant  Industry,  U.  S.  Dept.  of  Aiiriculture,  I'.ill,  pp.  2.s-:«. 

2  Shoemaker,  I).  N.  A  Study  of  Leaf  Characters  in  Cotton  llylirids.  Proceedings  of  ihc  American 
Breeders  Association,  vol.  .5,  p.  116. 

'  Allard,  H.  A.  rreliminary  Observations  concerning  Natural  Crossing  in  Cotton.  American  Hreeders 
Magazine,  vol.  1,  1910,  p.  247. 
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As  the  illustrations  of  the  loaves  of  Hibiscus  cannahinus  haveshowTi, 
the  transition  from  the  entire  to  the  tlivided  leaves  is  not  equally 
abrupt  on  all  |)lants,  hut  neither  is  it  usual  for  the  two  types  repre- 
senteil  in  a  Menilelian  ])roo;eny  to  have  the  contrasted  characters 
equally  expressed  in  all  individuals.  Narrow-leaved  mutations  from 
the  broad-leaved  varieties  of  cotton  are  not  all  equally  narrow  leaved, 
nor  do  the  narrow-leaved  members  of  a  series  of  perjugate  hybrids 
all  have  leaves  with  lobes  of  the  same  width.  The  range  of  varia- 
tion in  the  perjugate  generation  is  not  only  vastly  greater  in  total 
extent  than  in  the  first  or  conjugate  generation,  but  also  seems  to  be 
greater  among  the  perjugate  plants  that  represent  the  narrow-leaved 
group.  It  is  to  be  expected,  however,  that  these  general  differences 
in  the  range  of  expression  will  also  be  found  to  vary  in  difl'erent 
hybrid  combinations,  just  as  there  may  be  differences  in  the  abrupt- 
ness of  the  transition  from  one  type  of  leaves  to  the  other  in  different 
varieties. 

;i_In  progenies  raised  from  the  seed  of  okra-leaved  mutations  grown 
in  fields  of  the  parent  variety  and  subject  to  natural  crossing,  both 
broad  and  narrow  leaves  appeared,  rather  than  leaves  of  intermediate 
form.  Thus  the  progeny  of  a  narrow-leaved  mutation  grown  by 
Dr.  Shoemaker  at  Waco,  Tex.,  in  1906,  showed  the  narrow-lobed 
type  of  leaves  in  only  about  a  quarter  of  the  plants,  the  remainder 
appearing  to  be  normal  broad-leaved  examples  of  the  King  variety. 
The  progeny  of  another  okra-leaved  mutation  of  the  King,  selected 
at  San  Antonio,  Tex.,  in  1907  and  tested  at  the  same  place  in  1908, 
showed  20  plants  out  of  34  with  broad  leaves,  13  plants  with  leaves 
like  the  parent  mutation,  and  1  plant  with  a  more  extreme  expression 
of  the  narrow-lobed  tendency,  as  though  another  mutative  step  had 
been  taken. ^ 

The  second  type  of  dimorphic  leaves  in  cotton,  that  connected 
with  the  dimorphism  of  the  branches,  is  similarly  related  with  Men- 
delian  inheritance  as  well  as  with  mutative  variation.  Branch  char- 
acters show  Mendeloid  expression  of  characters  in  hybrids,  as  well  as 
leaf  characters.  Crosses  between  cluster  and  noncluster  cottons  of 
the  Upland  type  do  not  manifest  the  cluster  habit  in  the  conjugate 
generation,  but  the  cluster  character  returns  to  delmite  expression  in 
the  perjugate  generation. - 

The  interest  of  the  dimorphic  leaves  of  Hibiscus  cannahinus  in 
relation  to  Mendelism  is  to  show  that  a  change  of  characters  quite 
as  extensive  and  abrupt  as  those  that  characterize  ISIendelian  hybrids 


1  Cook,  O.  F.    Local  Adjustment  of  Cotton  Varieties.    Bulletin  159,  Bureau  of  Plant  Industry,  U.  S. 
Dept.  of  Agriculture,  September,  1909. 

2  Cook,  O.  F.    Suppressed  and  Intensified  Characters  in  Cotton  Hybrids.    Bulletin  147,  Bureau  of  Plant 
Industry,  U.  S.  Dept.  of  Agriculture,  April  7,  1909,  pp.  22-23. 
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may  take  place  in  adjoining  internocles  of  the  stalk  of  the  same  indi- 
vidual plant.  There  can  be  no  question,  in  such  a  case,  regarding 
the  separate  transmission  of  the  units  of  the  two  contrasted  char- 
acters to  different  plants.  The  same  plant  not  only  inherits  both  of 
the  contrasted  characters,  but  brings  them  both  into  expression. 
Such  facts  may  be  considered  as  additional  reasons  for  believing  that 
Mendelian  inheritance  may  be  looked  upon  as  a  phenomenon  of  alter- 
native expression  of  characters.  It  no  longer  seems  necessary  to 
predicate  an  alternative  transmission  of  characters,  as  often  assumed 
in  the  study  of  Mendelism. 

That  the  phenomena  of  Mendelian  inheritance  are  of  much  sig- 
nificance in  the  study  of  heredity  need  not  be  questioned,  but  what 
the  significance  may  be  is  still  in  doubt.  It  is  possible  to  interpret 
the  facts  of  Mendelism  in  at  least  two  very  different  ways.  The 
mathematical  relations  of  Mendelism  are  equally  well  explained, 
whether  ascribed  to  an  alternative  transmission  of  contrasted  char- 
acters or  to  alternative  expression.  Neither  transmission  nor  expres- 
sion is  understood  in  its  essential  nature — that  is,  as  a  physiological 
process — but  this  only  makes  it  the  more  desirable  not  to  confuse  the 
two  processes  in  attempting  to  understand  them.  The  importance 
of  distinguishing  between  expression  and  transmission  is  not  so 
obvious,  perhaps,  as  long  as  investigation  is  limited  to  cytological 
and  statistical  studies  of  typical  cases  of  Mendelism,  but  collateral 
evidence  of  other  kinds  should  not  be  neglected.  On  this  question 
plants  seem  to  afford  better  evidence  than  animals  because  of  their 
habits  of  growth  by  the  vegetative  multiplication  of  internodes. 
Among  the  internode  members  of  the  same  plant  body  there  can  be 
no  question  of  differences  of  transmission,  yet  definitely  contrasted 
expression  remains  the  rule  of  development.  Not  only  are  there 
abrupt  transitions  from  one  class  of  internodes  to  another,  but  the 
tendency  to  contrasted  expression  is  accentuated  by  dimorphic 
specializations  within  the  same  class. 

DIFFERENT  TYPES  OF  DIMORPHIC  SPECIALIZATION. 

If  the  internodes  of  plants  be  thought  of  as  individuals,  the  definite 
differences  that  exist  between  the  various  kinds  of  internodes  of  the 
same  plant  appear  closely  analogous  to  the  contrasted  characters  of 
the  sexes  of  the  higher  animals  or  the  several  castes  that  compose  the 
highly  organized  colonies  of  bees,  ants,  and  termites. 

Species  that  are  composed  of  two  or  more  sexes,  castes,  or  other 
distinct  kinds  of  individuals  have  been  called  "ropic,"  a  term  that 
denotes  a  definite  tendency  to  contrasted  expression  of  the  characters^ 
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as  thougii  the  relations  that  determine  the  expression  of  the  char- 
acters had  a  definite  pohirity  or  repulsion  so  that  the  contrasted 
extremes  of  a  series  are  manifested  rather  than  the  intermediate 
degrees.  Arropic  species,  on  the  other  hand,  are  composed  of  indi- 
viduals of  only  one  kind,  manifesting  individual  variations,  of  course, 
but  with  no  definite  tendency  to  the  contrasted  forms  of  expressions 
shown  in  sexual  or  dimorphic  characters.^  . 

On  the  basis  of  these  distinctions  the  cotton  plant  and  its  relatives 
would  be  reckoned  as  arropic  species,  since  there  is  no  sexual  or  other 
differentiation  into  distinct  types  within  the  species.  At  the  same 
time  it  is  obviously  desirable  to  have  a  ready  means  of  designating 
different  forms  of  structural  speciaHzation  in  plant  individuals  whether 
they  belong  to  ropic  or  to  arropic  species.  Plants  that  show  obvious 
differences  of  leaves  and  flowers  are  sometimes  called  heterophyllous 
or  heteranthous,  but  these  terms  record  merely  the  fact  of  diversity, 
which  is  often  indiscriminate  or  intergratled,  without  any  definitely 
established  tendency  to  contrasted  expression  of  characters. 

For  the  designation  of  cases  of  definite  dimorphic  or  polymorphic 
specialization  the  word  "ropic"  may  be  used  in  combination  with 
other  terms  to  indicate  the  part  affected.  Thus  the  variety  of 
Hibiscus  cannahinus  with  the  definite  dimorphism  of  the  leaves  may 
be  described  as  phylloropic.  Cotton,  cofl'ee,  cacao,  and  the  Central 
American  rubber  tree  (Castilla)  may  be  described  as  cladoropic,  since 
they  all  show  definite  specialization  of  two  or  more  forms  of  branches. 
Cacao  and  some  varieties  of  cotton  are  phylloropic  as  well  as  clado- 
ropic, for  the  two  types  of  vegetative  branches  are  accompanied  by 
definitely  different  types  of  leaves,  which  do  not  appear  in  coffee. 
According  to  Went^,  Castilla  also  has  two  kinds  of  leaves. 

The  banana  plant  and  the  Indian  corn  are  familiar  illustrations  of 
a  dimorphic  condition  of  the  flowers  and  may  be  termed  anthoropic, 
each  plant  bearing  two  definitely  different  kinds  of  flowers.  A  more 
complicated  case  of  specialization  of  floral  differences  appears  in  the 
Central  American  rubber  tree.  The  male  or  staminate  individuals 
bear  only  one  kind  of  flowers,  but  the  female  or  pistiUate  trees  bear 
two  kinds,  each  pistillate  inflorescence  being  subtended  by  two  small 
staminate  inflorescences,  not  of  the  same  form  as  those  that  are  found 
on  the  purely  staminate  trees.  The  species  as  a  whole  shows  a  defi- 
nite specialization  of  the  sexes,  but  the  female  trees  may  be  described 
as  anthoropic  because  of  the  two  definitely  different  kinds  of  flowers. 

Many  terms  are  used  by  students  of  plant  pollination  to  indicate 
whether  the  stamens  and  pistils  are  present  together  in  the  same 

1  Cook,  O.  F.    Aspects  of  Kinetic  Evolution.     Proceedings  of  the  Wasliington  Academy  of  Sciences, 
vol.  8,  1907,  p.  369. 

-Went,  F.  A.  F.  C.    Der  Dimorphismus  der  zweige  von  Castilloa  elastiea.    Ann.  Jardin  Botanique 
Buitenzorg,  vol.  14,  pp.  1-17. 
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inflorescences,  separated  in  different  flowers  of  the  same  plant  or  on 
difl'erent  plants,  or  whether  these  organs  are  alike  or  different  among 
themselves  or  ripen  at  the  same  or  at  different  times.  Yet  these 
terms  do  not  indicate  whether  the  different  conditions  arise  bv  gradual 
changes  in  the  expression  of  the  characters  or  whether  the  other  floral 
parts  are  different,  as  well  as  the  stamens  and  pistils. 

Technical  terms  can  often  be  avoided  in  describing  the  details  of 
structure  or  behavior  in  any  one  species  or  genus  of  plants,  but  they 
become  a  practical  necessity  in  the  scientific  task  of  comparing  and 
contrasting  the  behavior  of  different  types  of  plants.  Distinctions 
need  to  be  carefully  drawn  so  as  to  recognize  as  definitely  as  possible 
the  different  kinds  of  diversity  that  arise  because  of  the  different  ways 
in  which  the  expression  of  the  characters  is  determined.  In  some 
cases  it  is  plain  that  the  external  conditions  are  able  to  influence  the 
expression  of  characters  during  the  development  of  a  branch,  while  in 
other  cases  determination  of  characters  of  branches  and  leaves  seems 
to  be  entirely  independent  of  the  environment.  It  is  desirable,  there- 
fore, to  review  briefly  the  terms  that  have  been  applied  by  morpholo- 
gists  to  the  structural  diversities  that  most  nearly  resemble  the  present 
cases  of  dimorphic  leaves  and  branches. 

Goebel  refers  to  upright  shoots  of  conifers  and  similarly  specialized 
trees  as  orthotropes,  and  lateral  or  horizontal  shoots  as  plagiotropes; 
he  also  considers  that  the  specialization  of  the  lateral  shoots  (lateral- 
ity) is  of  two  kinds,  called  "labfle  induction"  when  the  lateral 
branches  are  able  to  assume  the  functions  of  uprights,  as  in  Picea, 
and  "stabile  induction"  when  such  substitutions  can  not  be  made. 
There  is  also  a  distinction  to  be  drawm  between  two  kinds  of  "stabile 
induction"  of  laterality.  In  some  cases  the  lateral  branches  are 
readily  able  to  regenerate  upright  shoots  from  lateral  buds,  as  in 
cotton,  while  in  other  cases  the  lateral  branches  seem  to  have  no 
power  of  replacing  the  uprights,  even  from  latent  buds.  This  ex- 
treme type  of  specialization  shown  in  coffee,  Castilla,  and  cacao  has 
also  been  demonstrated  by  Goebel  in  Phi/llanthus  lathyroides.^ 

The  terms  clinomorphy  and  anisophylly  have  been  used  by  Wiesner 
for  adaptive  modifications  of  leaf  forms  connected  wdth  differences  of 
position  or  exposure,  but  not  in  relation  to  dimorphism  or  contrasted 
expression  of  characters  as  a  definite  fact  of  heredity.^ 

»  Goebel,  K.    Einleitiing  in  die  Experimentelle  Morphologie  der  Pflanzen,  1908,  pp.  80-8S. 

2  In  Biologic  der  Pflanzen.  Vienna,  18S0.  Wiesner  states:  "  Many  format  ive  processes  in  plants  are  induced 
by  the  inclination  of  the  organs  to  the  horizon.  All  phenomena  of  development  induced  through  position, 
not  explainable  through  the  effects  of  gravitation  alone,  should  be  comprehended  under  the  name  clino- 
morphy. Clinomorphy  appears  if  an  organ  in  the  course  of  its  development  is  so  inclined  to  the  horizon 
that  one  can  distinguish  an  upper  and  an  under  side,  and  consists  in  the  fact  that  the  upper  half  takes 
another  fjrm  than  the  lower."    (P.  28.) 

"Anisophylly  is  only  an  inequality  of  the  foliage  of  the  shoot  in  relation  to  position  and  is  shown  in  Uw 
under  leaves  of  a  shoot  becoming  larger  and  heavier  than  the  upper."    (P.  33.) 
'I'll 
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Goebol  consideis  Wiesner's  (Icliuitioii  of  anis()j)hylly  too  narrow, 
and  would  inchulo  casos  whore  the  leaves  on  th(^  under  side  of  the 
shoot  are  smaller  than  tliose  on  the  up])er  side,  as  the  following 
statements  will  show: 

By  anipophylly  we  mean  that  leaves  of  a  different  size  and  of  different  qnality 
appear  on  the  different  sides  of  pla<iiotropous  shoots;  (he  leaves  which  stand  upon 
the  upper  side  are  usually  smaller  than  those  upon  the  under  side,  but  the  converse 
is  also  sometimes  the  case.  *  *  *  All  the  examples  have  this  in  common,  that  the 
anisophylly  occurs  exclusively  upon  plagiotropous  shoots  and  that  it  is  a  character  oj 
adaptation  which  has  an  evident  relation  to  the  direction  of  the  shoot  and  especially 
to  its  position  with  regard  to  light.,  *  *  *  Herbert  Spencer  in  1805  first  directed 
attention  to  the  anisophylly  of  lateral  shoots  in  plants  with  decussate  leaves,  as  well 
as  to  the  connection  of  the  anisophylly  of  higher  plants  with  external  factors,  espe- 
cially with  light.  *  *  *  The  term  has  come  to  us  from  Wiesner,  although  his 
definition,  which  is  as  follows,  is  too  narrow:  "I  mean  by  anisophylly  that  the  leaves 
lying  upon  the  upper  side  of  prone  shoots  have  smaller  dimensions  than  those  upon 
the  under  side,  whilst  the  lateral  ones  are  intermediate."  We  know,  however,  that 
the  leaves  on  the  under  side  may  be  smaller,  as  is  the  case  in  the  foliose  Jungerman- 
nieae  and  in  Lympodium  complanatum.  ' 

An  excellent  example  of  anisophylly  is  found  in  the  common 
paper  mulberry  (Broussonetia),  as  shown  in  figure  18.  Indeed, 
Broussonetia  may  be  said  to  combine  two  phenomena,  for  in  addi- 
tion to  the  distinctly  smaller  size  of  the  leaves  that  arise  from  the 
upper  side  of  the  branch  there  is  a  wide  range  of  diversity  in  the 
forms  of  the  leaves,  which  constitutes  heterophylly. 

Anisophylly  is  to  be  considered  as  a  physiological  phenomenon, 
rather  than  morphological.  The  inequalities  in  the  size  of  the  leaves 
are  supposed  by  Wiesner  and  Goebel  to  arise  by  direct  accommoda- 
tion to  the  position  in  which  they  happen  to  be  formed.  An  accident 
to  a  tree  that  changes  the  position  or  exposure  of  a  growing  shoot 
affects  the  condition  of  anisophylly  by  rendering  the  leaves  more  or 
less  unequal  than  they  otherwise  would  have  been.  Yet  the  in- 
terpretations that  have  been  placed  upon  anisophylly  do  not  seem  to 
be  altogether  consistent.  In  some  cases  it  is  considered  that  the 
larger  size  of  some  of  the  leaves  is  connected  with  better  exposure 
to  liidit,  but  in  Broussonetia  it  would  seem  that  the  light  must  be 
supposed  to  restrict  growth,  for  the  smaller  leaves  are  produced  from 
the  upper  side  of  the  branch.  Some  writers  look  upon  the  small 
leaves  as  specially  adapted  to  fit  in  among  the  large  ones  and  thus 
utihze  all  the  surface  of  exposure.  In  this  view  Broussonetia  would 
seem  to  have  overshot  the  mark.     Figure  18  indicates  that  much 


1  Goebel,  K.    Organography  of  Plants,  Especially  of  the  Archegoniatte  and  Spermaphyta,  pt.  1,  1900, 
pp.  99-100. 

Additional  cases  of  anisophylly  in  tropical  plants  from  the  Malay  region  have  been  reported  by  Hein- 
richer  in  a  paper  that  concludes  with  a  list  of  several  other  papers  on  the  subject.    (See  ITeinricher,  E. 
Beitraege  zur  Kenntnis  der  Anisophyllie,  Annales  du  Jardin   Botanique  de  Buitenzorg,  sup.  3,  pt.  2, 
1910,  pp.  049-0(14,  and  pi.  25. 
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more  space  is  lost  between  the  rows  of  small  leaves  and  the  large  ones 
than  Ijctween  tlie  leaves  in  the  rows. 

When  a  definite  dimorphism  exists  the  (Ufferences  in  the  leaves 
or  branches  are  not  merely  physiological,  but  moiphological.  There 
are  two  kinds  of  leaves  or  of  branches,  not  merely  two  conditions  of 
the  same  kind.  Anisophylly  presupposes  only  one  kind  of  leaves, 
but  with  a  wide  range  of  accommodation  to  external  conditions. 

Inequalities  of  leaves  due 
to  differences  of  exposure 
to  sunhght  may  be  con- 
sidered as  a  weaker  form 
of  the  same  kind  of  accom- 
modation shown  in  am- 
phibious plants  that  pro- 
duce either  an  aquatic  or 
an  aerial  form  of  foliage, 
depending  on  the  medium 
in  which  they  happen  to 

grow. 

A  term  that  has  a  more 

definite  signification  from 

the  standpoint  of  heredity 

is   dichogeny,    defined    by 

De  Vries  as  follows: 

I  mean  [by  dichogeny]  all  those 
cases  where  the  nature  of  an  organ 
is  not  yet  decided  during  the 
early  stages  of  its  development, 
l)ut  may  yet  be  determined  by 
external  influences.  Thus,  under 
normal  conditions  the  runners  of 
the  potato  plant  form  at  their 
tips  the  tubers,  but  on  being  ex- 
posed to  light,  nr  when  the  main 
stem  lias  been  cut  off,  they  de- 
volop  into  green  slioots.  *  *  * 
In  such  cases  it  is  clear  that 
the  possibility  of  developing  in 
either  of  two  different  direc- 
tions is  dormant  in  the  young  primordia.  For  this  very  reason  I  should  like  to 
api)ly  the  name  dichogeny  to  this  phenomenon.  And  it  e\-idently  depends  upon 
external  influences  what  direction  is  taken.  Therefore,  a  selection  must  take  place 
from  among  the  availalde  hereditary  characters  of  the  species,  and  this  selection  may 
bo  iufluence<l  by  artificial  interference.  For  the  theory  of  hereditary  characters  such 
experiments  are  therefore  of  the  highest  interest.' 

»  De  Vries,  II.    Intracellular  Pangenesis  (translated  from  the  German  by  C.  Stuart  Gager,  Chicago), 
1910,  pp.  l.'l-lf.. 
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netia),  with  leaves  unequal  in  size  (anisophylly)  and  diverse 
in  form  (heterophylly).    (Reduced.) 
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The  phenomeiiii  of  dimorphisni  ol'  leaves  and  branches  show  a 
general  contrast  with  the  phenomena  of  dichogeny,  since  they 
appear  to  arise  from  a  definite  polarity  or  determination  of  ex- 
pression or  nonexpression  of  certain  characters  that  may  not  be 
subject  to  change  through  the  influence  of  external  conditions.  In 
such  cases  as  the  dimorphic  branches  of  coftee,  cacao,  and  the  Central 
American  rubber  tree  (Castilla),  it  is  evident  that  the  nature  of  the 
organ  is  definitely  predetermined  even  in  the  earliest  stages  of  its 
development.  From  a  bud  in  a  certain  position  on  the  internode 
only  one  kind  of  a  branch  can  arise,  while  another  kind  of  branch 
comes  quite  as  regularly  from  another  bud  in  a  different  position. 
The  lateral  or  fruiting  branches  not  only  do  not  transform  themselves 
into  vegetative  limbs  but  may  even  be  unable  to  produce  new  vege- 
tative shoots  from  buds.  In  the  cotton  plant  vegetative  shoots  can  be 
regenerated  from  axillary  buds  of  the  fruiting  branches,  but  in  coffee 
the  fruiting  branches  can  produce  only  inflorescences  or  other  fruit- 
ing branches.  The  same  is  true  of  Castifla,  except  that  the  fruiting 
branches  nearly  always  remain  simple.  In  the  cacao  tree  two  kinds 
of  branches  are  even  more  definitely  specialized  in  their  vegetative 
characters  and  functions,  though  both  kinds  bear  inflorescences. 

The  word  "ropogeny"  may  sei-ve  as  a  general  term  to  cover  such 
cases  of  definitely  predetermined  alternative  expression  of  characters 
resulting  in  dimorphism  or  polymorphism  in  the  branches,  leaves, 
or  flowers  of  the  same  plant.  Ropogeny  is  to  be  contrasted  with 
dichogeny,  in  which  the  expression  of  the  characters  is  not  definitely 
determined  in  the  early  stages  but  remains  subject  to  change  by 
environmental  influences  during  the  development  of  the  plant. 

Dichogeny  and  ropogeny,  used  in  these  senses,  are  strictly  physio- 
logical terms.  One  of  the  problems  in  the  physiology  of  reproduction 
is  to  understand,  as  far  as  possible,  how  the  characters  are  determined 
and  brought  into  expression.  It  is  evident  from  the  facts  of  dichogeny 
and  ropogeny,  as  well  as  from  the  general  nature  of  the  processes  of 
development  in  plants,  that  expression  is  dift'erently  determined  in 
difl'erent  plants  and  even  in  different  parts  of  the  same  plant.  Not 
only  is  there  a  general  distinction  to  be  drawn  between  transmission 
and  expression  of  characters,  but  different  forms  of  alternative  ex- 
pression have  to  be  recognized. 

The  extent  to  which  expression  has  been  modified  by  specialization 
does  not  appear  to  have  any  direct  relation  to  the  method  of  pre- 
determination of  the  characters.  Li  some  cases  all  gradations  may 
be  traced  between  normal  foHage  leaves  and  minute  bracts  or  bud 
scales,  while  in  other  cases  there  are  definite  differences  between  two 
kinds  of  large,  expanded  foUage  leaves  as  shown  in  the  cacao  tree 
and  still  more  strikingly  in  the  related  species  Theohroma  hicolor. 
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These  facts  may  explain  why  some  of  the  more  definite  but  less 
striking  differences  have  been  overlooked,  notwithstanding  the 
attention  that  has  been  given  to  the  study  of  the  more  reduced  and 
apparently  more  specialized  forms  of  leaves. 

In  addition  to  bud  scales  and  prophylla,  special  names  have  been 
given  to  the  reduced  leaves  of  underground  shoots  (kataphylls)  and 
to  those  that  subtend  flowers  or  inflorescences  (hypsophylls),  but 
these  terms  seldom,  if  ever,  refer  to  examples  of  definite  dimorphic 
differences  like  those  that  sometimes  exist  among  true  fohage  leaves, 
nor  do  they  serve  to  distinguish  gradual  changes  of  characters  from 
those  that  are  more  definite  and  abrupt. 

It  is  convenient  to  use  a  general  term  (hypophyll)  to  cover  all 
forms  of  reduced  leaves,  since  nearly  all  plants  have  such  leaves,  in 
addition  to  the  true  foliage  leaves  (trophophylls)  and  the  floral 
leaves  (anthophylls).  ]\Iost  hypophylls  are  formed  by  the  reduction 
or  suppression  of  the  blade  and  petiole  of  the  leaf,  while  the  sheath 
or  the  stipules  are  retained  or  enlarged,  as  in  the  involucral  bracts  of 
the  cotton  plant.  Both  the  hypophylls  and  anthophylls  may  be 
disregarded  in  the  study  of  differences  among  the  true  foliage  leaves. 
The  terms  that  have  reference  to  various  kinds  of  differences 
among  the  leaves  and  branches  of  the  same  individual  plant  may 
be  summarized  briefly  as  follows: 

IIeteroph)jlhj,  a  general  term  covering  all  kinds  of  diversity  of  leaf 
forms  on  the  same  plant  without  regard  to  whether  the  difl'erences  are       : 
definite  or  adaptive.  \^; 

Clinomorphy,  a  general  term  for  differences  of  form  arising  through       :; 
oblique  or  horizontal  position.  ^ 

Laterality,  a  general  name  for  special  characters  of  lateral  branches 
as  distinguished  from  those  of  an  upright  trunk  or  branches.  '*"" 

Anisophylly,  inequality  of  leaves  on  ui)per  and  lower  sides  of  hori- 
zontal or  oblique  shoots,  as  in  Broussonetia.     (See  fig.  18.) 

Ilypophylly,  the  production  of  rudimentary  or  reduced  leaves, 
including  })roj)hylls,  bud  scales,  bracts,  and  other  less  common  condi- 
tions, such  as  the  scale  leaves  above  the  cotyledons  of  seedlings  of 
Persea  gratissima  and  Citrus  trifoliata  and  those  near  the  ends  of 
upright  shoots  of  Theohroma  cacao. 

PhyUoropy,  production  of  two  or  more  definitely  different  kinds 
of  foliage  leaves  on  the  same  plant,  as  in  the  cacao  tree  and  in  narrow- 
leaved  varieties  of  cotton,  okra,  and  Hibiscus  cannahinus. 

Cladoropy,  production  of  two  or  more  definitely  difi"erent  kinds  of 
branches  on  tlie  same  i)lant,  as  in  cotton,  coffee,  cacao,  and  Castilla. 
Cladoptosis,  the  self-pruning  habit  or  spontaneous  falling  oft"  of  spe- 
cialized temporary  branches,  as  in  Populus,  Quercus,  and  Castilla.  • 
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Ileterohlasty,  tlio  ])r()du('ti()ii  of  ii  distinct  type  of  juvenile  foliage 
as  in  Eucalyptus,  Juniperus,  Pinus,  Iledera,  and  Ficus. 

Homohlasty,  the  absence  of  a  distinctive  juvenile  form  of  foliage. 

Dichogeny,  expression  of  characters  not  completely  determined  in 
early  stages,  allowing  different  characters  to  come  into  expression  as  a 
result  of  accommodation  to  different  conditions,  as  in  Solanum  tuhero- 
suni,  Ranunculus  aquatilis,  etc. 

Ropogeny,  expression  of  characters  completely  determined  in  the 
early  stages,  not  subject  to  modification  by  differences  of  external 
conditions,  as  in  the  fruiting  branches  of  coffee,  cacao,  and  Castilla 
that  are  unable  to  regenerate  vegetative  shoots. 

RELATION    OF    DIMORPHISM    TO    SEXUAL    DIFFERENTIATION    OF 

PLANTS. 

Abrupt  changes  of  characters  during  the  development  of  plants 
are  not  limited  to  these  more  or  less  exceptional  cases  of  dimorphic 
specialization  of  different  kinds  of  leaves.  Even  where  the  leaves 
are  all  of  one  type  numerous  changes  in  the  expression  of  characters 
a¥e  required  to  form  the  different  kinds  of  floral  organs.  This  require- 
ment of  numerous  changes  of  characters  during  the  process  of  develop- 
ment renders  the  phenomena  of  heredity  in  the  higher  plants  some- 
what different  from  those  that  are  shown  in  the  higher  animals, 
especially  when  viewed  from  a  physiological  standpoint. 

The  fact  that  many  of  the  higher  plants  are  self-fertilized  is  often 
taken  to  mean  that  the  principle  of  sexuality  is  less  important  with 
plants  than  with  animals,  but  this  idea  represents  only  a  partial 
view  of  the  facts.  The  pollen  grains  and  ovules  of  plants  are  not 
only  as  definitely  dift'erentiated  as  the  sex  cells  of  animals,  but  they  are 
produced  by  plant  individuals  that  have  a  sexual  dift'erentiation  quite 
as  definite  as  that  of  the  higher  animals. 

The  plant  individual  is  constituted  in  a  different  way  from  the 
individual  animal,  being  made  up  of  a  large  number  of  internodes  or 
joints  often  capable  of  independent  existence,  if  cut  apart,  or  even 
provided  with  natural  means  of  separation.  In  other  words,  the 
plant  is  to  be  considered  as  a  compound  individual  or  social  organiza- 
tion of  numerous  internode  individuals.  The  stamens  and  pistils 
also  represent  separate  members  of  the  series  of  internodes  that 
make  up  the  compound  plant  body. 

The  process  of  conjugation  in  plants  involves  the  union  of  sex 
cells  derived  from  different  individuals,  no  less  than  in  animals. 
Self-fertilization  simply  means  that  crossing  is  confined  to  germ  cells 
produced  b}^  members  of  the  same  i)lant  colony.  The  close  association 
of  stamens  and  pistils  in  the  same  flower  should  not  be  allowed  to 
conceal  the  fact  that  these  two  types  of  organs  are  entirely  unlike, 
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not  only  with  respect  to  their  products  of  pollen  grains  and  ovules, 
but  in  other  characters.  The  same  freedom  of  change  and  contrast  of 
characters  apparent  in  the  external  visible  features  may  be  supposed 
to  exist  in  mternal  characteristics  of  the  germ  cells. 

Plants  that  produce  both  stamens  and  pistils  in  the  same  flowers 
are  often  described  as  hermaphrodite,  ])ut  this  normal  bisexual 
condition  should  not  be  confused  with  an  abnormal,  partial,  or 
intermediate  expression  of  the  characters  of  both  sexes  in  the  same 
individual,  as  sometimes  occurs  among  sexually  differentiated  ani- 
mals. In  normally  bisexual  ])lants,  on  the  contrary,  the  characters 
of  both  of  the  sexes  are  fully  expressed  in  the  separate  individual 
members  of  the  colony.  Abnormal  hermaphroditism,  like  that  of 
animals,  is  shown  in  plants  in  the  rare  cases  of  malformed  organs 
intermediate  between  stamens  and  pistils.  The  abnormal  organs 
heretofore  mentioned  (p.  22)  as  intermediate  between  stamens  and 
petals  represent  a  similar  failure  of  complete  change  in  the  expression 
of  contrasted  characters,  as  also  occurs  in  abnormal  intermediate 
forms  of  branches. 

Morphologists  may  object  that  the  higher  animals,  as  well  as  the 
higher  ])lants,  have  a  segmental  or  metameric  structure  in  the  sense 
that  their  bodies  are  made  up  by  the  union  of  structural  elements 
corresponding  to  the  more  distinctly  segmental  bodies  of  the  lower 
groups  of  animals.  But  whatever  stress  may  be  laid  upon  this 
idea  from  the  standpoint  of  morphological  theories,  it  is  evident  that 
the  physiological  differences  are  profound,  involving  different  rela- 
tions among  the  primitive  segments  and  different  requirements  for 
changes  in  the  expression  of  the  hereditary  characters  during  the 
processes  of  development.  The  processes  of  heredity,  as  shown  in 
the  formation  of  the  segments,  might  be  described  as  simultaneous 
in  animals  and  successive  in  plants. 

The  segmental  growth  of  the  animal  body  is  determinate  at  a  very 
early  stage,  long  before  the  growth  in  size  is  completed.  In  the 
higher  animals  the  determinate  condition  is  shown  most  definitely 
in  the  female  sex,  the  whole  complement  of  ovules  being  formed 
while  the  animal  is  still  in  an  embryonic  stage  of  development.  In 
bees  and  related  insects  the  male  sex  is  more  determinate  than  the 
female.  The  plant  body,  on  the  other  hand,  begins  ^nth  only  one 
or  two  segments  and  adds  the  others  gradually  during  the  process  of 
growth.  The  individual  stamen  or  pistil  of  a  })lant  is  determinate, 
but  most  plants  can  produce  an  indefinite  succession  of  stamens  and 
pistds  as  well  as  of  vegetative  internodes. 

Plants  grow  chiefly  by  successive  additions  of  segmental  imits. 
The  striking  fact  about  the  successive  additions  of  new  structural 
units  to  the  plant  body  is  that  they  are  not  all  alike  but  are  capable 
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of  very  abriij)t  and  very  extensive  {'han<i;es  of  cliaracters.  After 
formin<x,  it  may  be,  several  kinds  of  vep;etative  internodes,  the  young 
plant  be<z;ins  suddenly  to  make  floral  or  reproductive  internodes,  each 
kind  of  internode  involvin*:;  a  ])ractically  complete  chani:;e  of  charac- 
ters. The  idea  that  plants  coidd  produce  the  slight  changes  of  char- 
acters shown  in  bud  mutations  has  seemed  highly  improbable  to 
those  who  have  not  witnessed  such  changes,  thougli  more  exten- 
sive changes  regularly  take  place  in  the  development  of  each  plant. 

Beginning  with  the  formation  of  cotyledons  or  seed  leaves,  the 
plumule  of  the  embryo  has  already  provided  for  an  abrupt  cliange 
to  the  ordinary  form  of  leaves.  Some  seedlings  show  more  gradual 
transitions  from  the  cotyledons  to  the  ordinary  leaves,  and  some 
have  specialized  reduced  leaves  between  the  cotyledons  and  the 
ordinary  foliage  leaves,  as  in  Persea  gratissirmi  and  Citrus  tiifoliata. 
The  cacao  tree  often  produces  similarly  reduced  scalelike  leaves  on 
many  internodes  near  the  ends  of  the  upright  shoots  in  addition  to 
two  kinds  of  functional  leaves,  the  ordinary  leaves  of  the  upright 
shoots  being  different  from  those  of  the  lateral  or  whorled  branches. 
Many  plants  have  small  entire  leaves  like  those  of  seedlings  at  the 
base  of  each  new  shoot,  as  in  the  vegetative  branches  of  cotton.  In 
grasses  and  palms  the  basal  joint  of  each  branch  or  inflorescence 
bears  a  small  bladeless  sheath,  called  the  prophyllum,  similar  to  the 
first  leaves  of  seedlings.  Pines,  junipers,  and  eucalypts  have  a  dis- 
tinct juvenile  type  of  foliage  in  young  plants  that  entirely  disappears 
in  adults,  though  it  is  recalled  to  expression  when  growth  is  forced 
from  dormant  buds  after  severe  cutting  back. 

Many  herbaceous  plants  have  the  so-called  radical  leaves  at  the 
base  of  the  stalk  much  larger  and  of  a  very  different  form  from  those 
farther  up,  a  condition  that  doubtless  passes  by  numerous  gradations 
into  the  more  definite  types  of  dimorphism  shown  in  Hibiscus  and 
Gossypium. 

The  erect  fruiting  branches  of  the  English  ivy  are  upright  and 
bushy  and  have  more  rounded  leaves  than  the  familiar  creeping  stems. 
De  Vries  has  shown  that  the  so-called  variety  arborea  represents 
merely  rooted  cuttings  of  the  fruiting  branches  that  continue  the 
upright  habit  of  growth.  De  Vries  also  found  that  the  seedlings  of 
such  a  plant  were  of  the  usual  creeping  form,  and  came  to  the  con- 
clusion that  the  upright  habit  was  ''not  inherited."     He  states:  ^ 

In  1893  I  sowed  the  berries  of  an  older  plant  of  this  kind,  in  this  case  an  ivy  bush 
of  about  2  meters,  and  obtained  over  a  thousand  seedlings.  These  still  grow  in  our 
garden  and  have  made,  up  till  now,  exclusively  creeping  stems  and  branches.  The 
arborea  form  is  evidently  not  inherited. 

In  the  same  way  it  might  be  said  that  the  characters  of  butterflies 
are  not  inlierited,  since  they  do  not  appear  in  the  caterpillar  stage 

1  De  Vries,  H.    The  Mutation  Tiieory,  1909,  vol.  1,  p.  44. 
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of  the  progeny.  Or  beards  might  be  considered  as  not  inherited 
because  they  are  not  developed  in  chiklren.  In  all  such  cases  there 
is  a  temporary  latency  or  postponement  in  the  expression  of  charac- 
ters, but  no  failure  of  inlieritance  in  the  sense  of  transmission.  The 
adult  characters  remain  latent  during  the  larval  or  juvenile  stages, 
and  the  juvenile  characters  are  suppressed  in  turn  during  the  adult 
stages.  In  the  development  of  each  individual  plant  several  such 
changes  in  the  expression  of  the  characters  are  regularly  required  for 
the  formation  of  the  different  kinds  of  vegetative  and  reproductive 
organs. 

In  the  cotton  plant  six  different  forms  of  leaf  organs  may  be  recog- 
nized, the  cotyledons,  the  entire  or  broad-lobed  leaves  at  the  base  of 
the  stalk,  the  more  divided  leaves  farther  up,  the  smaller,  narrower 
leaves  of  the  fruiting  branches,  and  the  two  stiU  more  reduced  and 
specialized  forms  that  compose  the  outer  and  inner  involucres.  To 
form  the  petals,  stamens,  and  pistils  requires  three  other  changes  of 
characters,  making  nine  changes  altogether  during  the  course  of 
development  of  each  plant. 

The  familiarity  of  the  facts  makes  an  adequate  appreciation  dif- 
ficult, but  if  the  individuality  of  the  internodes  and  their  method  of 
development,  one  after  another,  be  recognized,  it  becomes  plain  that 
the  changes  of  characters  that  take  place  during  the  growth  of  the 
plant  are  much  more  profoimd  than  those  that  are  required  in  the 
postembryonic  development  of  an  animal.  The  whole  complex  of 
characters  expressed  in  one  internode  individual  may  give  place  to 
the  expression  of  an  entirely  different  complex  in  the  very  next 
internode.  Without  any  opportimity  for  new  conjugations,  segre- 
gations of  characters  in  different  germ  cells,  or  changes  in  the  numbers 
of  chromosomes,  one  complex  of  characters  after  another  is  called  into 
expression  and  the  previous  complex  retired  to  a  latent  condition. 

Failure  to  effect  the  full  change  of  expression  results  in  the  devel- 
opment of  abnormal  organs  of  intermediate  form,  as  in  the  case  of 
abnormal  intermechate  branches  in  the  cotton  phint.  Sucli  branches 
are  usually  sterile,  or  their  flower  buds  are  abortive,  as  in  abnormal 
hybrids  or  hermaphrodites.  The  power  to  com])lete  the  various 
alternations  in  the  expression  of  the  characters  determines  the  possi- 
bilities of  development  in  the  individual  plant,  in  the  same  way  that 
the  evolutionary  progress  of  a  species  is  determined  by  evolutionary 
changes  of  characters. 

The  phenomena  of  alternative  expression  have  been  studied  largely 
from  the  standpoints  of  environmental  moiUfications  and  (Hversi- 
ties  in  hybrids.  These  groups  of  phenomena  are  only  a  small  part  of 
the  field  of  alternative  expression,  which  inchides  also  the  endless 
changes  of  characters  that  appear  during  the  ordinary  processes  of 
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development.  Even  evolutionary  changes  appear  to  depend  largely 
upon  the  power  of  alternative  expression.  After  a  character  has  once 
been  acquired  transmission  seems  to  be  permanent.  Characters  that 
are  discarded  from  expression  are  not  dropped  from  transmission,  but 
may  be  transmitted  in  latent  or  rudimentary  form  for  thousands  of 
generations,  as  the  facts  of  recapitulation  and  reversion  have  shown. 
The  transmission  of  latent  characters  shoukl  not  be  considered  as  a  rare 
or  exceptional  phenomenon,  but  as  the  normal,  universal  condition. 

The  internal  agencies  of  the  cells,  that  determine  the  expression  of 
characters,  remain  active  and  capable  of  profound  readjustments 
during  the  life  history  of  each  individual  plant.  The  changes  of 
characters  shown  in  mutative  variations  are  considered  as  very  im- 
portant phenomena  of  heredity,  and  yet  they  are  far  exceeded  by  the 
changes  that  regularly  take  place  during  the  development  of  every 
normal  plant.  Even  the  metamorphoses  of  insects  hardly  constitute 
such  profound  modifications  of  form  and  structure  as  the  differences 
among  the  internode  members  of  the  same  plant. 

Though  the  facts  of  plant  development  seem  to  afford  little  ground 
for  the  application  of  Weismann's  idea  of  a  fundamental  distinction 
between  the  germ  plasm  and  the  somatic  tissues,  a  distinction  is  at 
least  to  be  made  between  the  processes  of  inheritance  in  plants  and 
animals.  The  unknown  internal  mechanism  that  controls  the  ex- 
pression of  the  characters  evidently  remains  in  a  much  more  active 
state  during  the  development  of  a  plant  than  in  the  case  of  an  animal. 
This  consideration  may  help  to  explain  the  generally  recognized  fact 
that  the  characters  of  plants  are  much  more  readily  modified  by 
changes  of  environment  than  those  of  animals.  A  recent  writer  has 
proposed  to  explain  the  greater  adaptability  of  plants  and  lower 
animals  to  changes  of  environment  by  framing  general  laws  of  dimin- 
ishing environmental  influences  in  passing  from  lower  to  higher 
groups.^ 

A  study  of  the  methods  of  reproduction  and  development  followed 
in  the  various  groups  may  reveal  biological  facts  underlying  tliis 
generalization.  The  higher  animals,  that  show  the  least  susceptibility 
to  environmental  modification,  not  only  have  a  more  nearly  simul- 
taneous determination  of  the  expression  of  the  characters,  but  their 
warm-blooded  bodies  are  able  to  maintain  constant  temperatures 
and  thus  protect  themselves  against  the  fluctuations  of  heat  and  cold 
that  represent  one  of  the  most  disturbing  factors  in  the  development 
of  plants. 

Consideration  should  also  be  given  to  the  possibility  that  the  sudden 
and  complete  changes  of  characters  involved  in  the  production  of  the 

1  Woods,  F,  A.    Laws  of  Diminishing  Environmental  Influences.    Popular  Science  Montlily,  April, 
1910,  p.  313. 
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diffeioiil  kinds  of  internodes  may  influence  the  germ  cells  and  the 
process  of  conjugation.  The  phenomena  of  sexuality  are  closely 
connected  with  contrasted  expressions  of  characters.  Sexuality  is 
primarily  a  physiological  fact,  and  only  secondarily  morphological. 
The  physiological  value  of  sexual  differentiation  must  be  sought 
finally  in  a  greater  efliciency  of  the  process  of  conjugation. 

In  the  higher  groups  of  plants  and  animals  there  is  a  double  differ- 
entiation of  sexual  characters.  The  male  and  female  germ  cells  not 
only  become  more  and  more  unlike  as  the  scale  of  organization  is 
ascended,  but  sexual  inequalities  also  become  more  and  more  developed 
in  the  organisms  that  produce  the  two  kinds  of  germ  cells.  Not  only 
the  inequalities  of  the  germ  cells  but  also  the  sexual  differentiation 
of  the  parent  organisms  must  be  supposed  to  relate  in  some  unknown 
manner  to  an  increased  efliciency  of  conjugation.  Many  of  the 
secondary  sexual  characters  of  plants  and  animals  are  like  dimorphic 
differences  in  having  no  direct  or  obvious  use  in  relation  to  the 
external  environment,  but  the}"  may  have  relation  to  the  internal 
functions  of  heredity.  Even  if  considered  as  mere  reflections  or  antici- 
pations of  divergent  tendencies  of  expression  embodied  in  the  germ 
cells,  secondary  sexual  characters  would  still  have  physiological 
significance  as  showing  the  fundamental  tendency  toward  alternative 
expression  of  characters. 

In  view  of  these  and  other  indications  that  diversity  and  alternative 
expression  of  characters  among  the  members  of  species  have  physiolog- 
ical functions  in  increasing  the  efliciency  of  reproduction,  it  becomes 
reasonable  to  consider  the  possibility  that  the  series  of  sudden  and 
complete  changes  in  the  expression  of  characters  involved  in  the 
development  of  the  successive  types  of  internode  individuals  in  plants 
may  also  be  a  factor  of  heredity.  If  contrasted  parental  characters 
and  changes  of  external  conditions  aft'ect  the  vigor  of  organisms,  wliy 
may  not  frequent  changes  of  characters  during  the  process  of  develo})- 
ment  be  supposed  to  have  a  similar  advantage  ?  The  speciahzation 
of  two  or  more  different  kinds  of  leaves,  branches,  or  flowers  on  the 
same  plant  may  be  compared  with  the  alternative  inheritance  shown 
in  the  sexes  and  castes  of  animals,  and  both  classes  of  specialization 
may  have  similar  relations  to  the  physiology  of  reproduction.  Fre- 
quent conjugations  between  germ  cells  representing  difl'erent  lines  of 
descent  may  be  rendered  less  necessary  in  plants  because  of  the 
numerous  changes  of  characters  that  take  place  during  the  ordinary 
processes  of  growth. 

CONCLUSIONS. 

A  definite  dimorphism  of  the  leaves  exists  in  an  Egyptian  variety 
of  the  Deccan  hemp  {Hibiscus  cannahinus).  The  leaves  of  the  upper 
part  of  the  stalk  are  deeply  three  lobed,  while  those  of  the  lower  part 
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are  without  lobes.  The  change  ii'oni  one  form  of  leaves  to  the  other 
is  usually  quite  abrupt. 

The  various  types  of  cotton  and  okra  show  the  same  general  range 
of  diversities  of  leaf  forms  as  the  Deccan  hemp,  and  some  of  the 
varieties  have  the  same  tendency  to  dimorphic  expression  of  the 
leaf  characters.  In  other  words,  there  is  a  general  parallelism  of 
variation  in  leaf  characters  extending  through  the  many  species  and 
varieties  of  cotton,  as  well  as  the  related  genera  of  plants. 

The  definite  changes  of  characters  involved  in  passing  from  one 
form  of  leaves  or  branches  to  another  are  analogous  to  the  abrupt 
transformations  that  take  place  in  mutative  variations.  The  facts 
of  dimorpliism  and  of  bud  variation  indicate  that  mutative  changes 
of  characters  are  not  necessarily  connected  with  conjugation  or 
with  the  early  stages  of  sexual  reproduction  from  new  germ  cells. 

Dimorphic  differences  and  mutations  show  that  abrupt  changes  of 
characters  are  to  be  consideretl  as  phenomena  of  alternative  expres- 
sion. It  is  obvious  that  such  changes  are  not  determined  by  alterna- 
tive transmission,  as  often  alleged  for  Mendelian  segregation  of  con- 
trasted characters.  The  same  kinds  of  characters  show  dimorphic 
specialization  in  individual  plants  and  Mendelian  segregation  in 
hybrids.  Dimorphism  and  Mendelism  may  both  be  interpreted  as 
phenomena  of  alternative  expression. 

The  general  interest  of  such  phenomena  is  in  their  relation  to  the 
recognition  of  a  fundamental  distinction  between  transmission  and 
expression  as  a  general  law  or  principle  of  heredity.  The  facts  of 
heredity  and  breeding  can  be  better  understood  if  transmission  be 
considered  as  including  the  whole  ancestral  series  of  characters. 
Transmission  inheritance  is  a  comprehensive  process,  while  expression 
inlieritance  is  partial  and  alternative,  different  characters  being 
expressefl  in  different  individuals  or  in  different  stages  of  individual 
development. 

The  facts  of  dimorphism  are  worthy  of  being  taken  into  account  in 
breeding,  as  affording  additional  varietal  characters  and  as  one  of 
the  means  of  recognizing  variations  from  the  standard  or  typical 
form  of  a  select  variety.  Dimorphism  must  also  receive  attention  in 
the  study  of  the  influence  of  environmental  conditions  on  the  expres- 
sion of  characters.  In  cotton  and  other  tropical  crop  plants  the  modi- 
fication of  dimorphic  differences  represents  one  of  the  most  serious 
disturbances  of  normal  heredity  induced  by  external  conditions. 
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Plate  I.  Dimorphic  leaves  from  adjacent  internodes  of  five  plants  (A,  B,  C,  D,  E) 
of  Ifibiscus  cannabinus,  two  leaves  from  each  plant,  the  highest  of  the  simple 
leaves  and  the  lowest  of  the  divided  leaves,  showing  the  very  abrupt  change  of 
form.     (Natural  size.) 

Plate  II.  Dimorphic  leaves  from  adjacent  internodes  of  four  plants  {A,  B,  C,  D)  of 
Hibiscus  cannabinus,  four  leaves  from  plant  A  and  three  leaves  from  each  of  the 
others,  showing  the  more  gradual  changes  of  characters.  The  plant  leaves  shown 
in  this  and  the  preceding  plate  were  collected  from  plants  grown  on  the  borders 
of  cotton  fields  at  Gizeh,  Egypt,  July,  1910.     (Natural  size.) 

Plate  III.  End  of  fruiting  branch  of  Egyptian  cotton  with  normal  leaves,  stipules, 

and  involucral  bracts.     Photograph  from  living  plant  grown  at  Sacaton,  Ariz.,  in 

1910.     (Natural  size.) 
Plate  IV.  End  of  fruiting  branch  of  Egyptian  cotton  with  abnormally  enlarged 

stipules  and  reduced  leaf  blades,  without  lateral  lobes.    Photograph  from  living 

plant,  Sacaton,  Ariz.,  1910.     (Natural  size.) 

Plate  V.  Hybridization   of  broad-leaved  and   narrow -leaved   varieties  of  cotton: 
^,  Leaf  of  Keenan  variety;  i?,  Ratteree's  Favorite;  C,  hybrid.     Photograph  from 
dried  specimens  grown  by  Mr.  H.  A.  AUard  at  Thompson's  Mills,  Ga.     (Reduced.) 
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Plate 


Dimorphic  Leaves  from  Adjacent  Internodes  of  Five  Plants  (.4,  B,  C,  D,  and  /:;) 
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B.  P.  I.— 678. 


ARRANGEMENT  OF  PARTS  IN  THE  COTTON 

PLANT. 


INTRODUCTION. 

The  basis  of  all  scientific  study  of  cotton,  as  of  other  agricultural 
plants,  is  the  recognition  and  comparison  of  differences.  Whether 
experiments  are  being  made  for  the  breeding  of  better  varieties  or  to 
determine  the  most  favorable  conditions  or  methods  of  culture, 
account  must  first  be  taken  of  the  differences  that  are  shown  in  the 
characters  and  behavior  of  the  plants.  The  scientific  interest  and 
practical  value  of  the  results  must  depend  very  largely  upon  the 
ability  of  the  experimenter  to  recognize  such  differences  and  to  under- 
stand their  relation  to  the  development  of  varieties  and  to  cultural 
problems. 

Two  principal  kinds  or  classes  of  differences  may  be  recognized  in 
the  study  of  such  a  plant  as  cotton.  The  component  parts,  such  as 
the  joints,  leaves,  flowers,  or  fruits,  may  differ,  or  there  may  be  dif- 
ferences in  the  number  and  arrangement  of  parts  that  are  otherwise 
alike.  The  body  of  the  plant  may  be  looked  upon  as  a  compound 
structure  or  colony  built  of  several  kinds  of  structural  units,  com- 
monly called  joints  or  internodes.  Changes  of  behavior  that  are  of 
serious  economic  importance  may  be  brought  about  by  changing  the 
number  and  arrangement  of  the  parts  of  the  plants,  even  without 
altering  the  characteristics  of  the  leaves,  flowers,  or  other  component 
units  of  structure. 

Not  only  do  the  parts  of  an  individual  plant  stand  in  relation  to 
other  parts  of  the  same  plant,  but  all  the  individuals  of  a  pure  strain 
or  variety  have  the  same  system  of  arrangement  of  parts,  though 
variously  modified  under  different  conditions  of  growth.  The  leaves 
and  branches  have  definite  positions  on  the  stems,  and  the  parts  of 
the  flowers  and  fruits  have  characteristic  numbers  and  places,  in  addi- 
tion to  their  peculiarities  of  form  and  color.  Hybrids,  mutations, 
and  reversions  usually  show  differences  in  arrangement  of  parts  as 
well  as  in  other  characters.  Differences  in  arrangement  are  often  the 
most  obvious  and  assist  the  breeder  in  recognizing  the  superior  indi- 
viduals and  rejecting  the  inferior. 
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8  ARRAXGEMENT    OF    PARTS    IN    THE    COTTON    PLANT. 

ARRANGEMENT   OF   THE    LEAVES   ON  THE   MAIN    STALK   OF  THE 

COTTON  PLANT. 

The  leaves  of  the  cotton  plant  are  not  set  at  random  along  the  stalks 
and  branches,  but  are  regularly  arranged  in  ranks  and  spirals.  In 
plants  of  normal  growth  it  is  usually  easy  to  see  that  each  leaf  is 
directly  above  or  below  some  other  leaf  and  that  there  are  three,  five, 
or  eight  of  these  vertical  ranks  of  widely  separated  leaves. 

The  regular  spiral  arrangement  of  the  leaves  is  found  on  the  main 
stalk  and  the  vegetative  branches.  It  is  not  apparent  on  the  fruiting 
branches,  for  these  have  the  joints  twisted  so  that  the  leaves  appear 
to  stand  in  two -rows. 

The  spiral  arrangement  of  the  leaves  around  a  main  stalk  or  a  vege- 
tative branch  can  be  understood  hy  considering  the  relation  of  any 
given  leaf  to  the  one  next  higher  on  the  stalk.  An  imaginary  line  that 
would  connect  the  insertions- of  the  leaves  would  form  a  regular  spiral, 
since  it  continues  around  the  stalk  in  the  same  direction,  to  the  right 
on  some  plants  and  to  the  left  on  others.  On  plants  with  three-ranked 
leaves  the  spiral  makes  one  turn  around  the  stalk  in  going  from  any 
given  leaf  to  the  next  leaf  that  is  directly  above  it.  If  the  leaves  are 
in  five  ranks  the  spiral  makes  two  turns  in  going  up  to  the  next  leaf  on 
the  same  rank,  while  with  eight-ranked  leaves  three  turns  are  made. 

Many  individual  plants  will  be  found  with  their  stalks  so  bent  or 
twisted  that  no  regular  leaf  arrangement  is  apparent,  but  in  the  ma- 
jority of  cases  it  is  easy  to  ascertain  which  of  the  systems  is  followed. 
The  regularit}^  of  the  spiral  is  also  destroyed  if  the  growth  of  the  stalk 
has  been  interrupted  by  dry  weather  or  other  injuries  that  cause  the 
formation  of  very  short  joints.  In  such  cases  the  direction  of  the 
spiral  may  even  appear  to  be  reversed. 

Instances  of  such  irregularities  have  been  brought  to  our  attention 
in  cotton  raised  at  Palestine,  Tex.,  in  the  season  of  1909,  by  Dr.  D.  N. 
Shoemaker,  of  the  Bureau  of  Plant  Industry.  Some  of  the  stalks  had 
two  or  three  sections  of  shortened  joints  and  apparent  reversals  of  the 
spirals.  A  possible  explanation  may  be  found  in  the  fact  that  boll 
weevils,  which  were  unusually  abundant  in  the  early  part  of  the  sea- 
son, often  eat  out  the  terminal  buds  of  the  young  plants.  If  the 
growth  of  the  stalk  were  continued  by  an  axillary  bud  it  might  be 
expected  that  the  direction  of  the  spiral  would  often  be  reversed,  for 
the  vegetative  branches  often  differ  from  the  main  stalk  in  the  direc- 
tion of  the  spiral. 

Botanists  who  have  made  special  studies  of  the  arrangement  of 
leaves  have  found  it  convenient  to  describe  the  different  systems  by 
fractional  numbers.  The  numerator  of  the  fi'action  shows  the  num- 
ber of  turns  that  the  spiral  makes  in  passing  from  any  given  leaf  to  the 
next  member  of  the  same  rank,  while  the  denominator  indicates  the 
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whole  number  of  vertical  ranks  of  leaves.  The  fraction  as  a  whole 
indicates  the  part  of  the  circumference  of  the  stalk  included  between 
two  successive  leaves  of  a  spiral.  The  most  frequent  arrangement  of 
the  leaves  of  the  cotton  plant  is  in  the  three-eio:hths  spiral.  This  means 
that  the  leaves  stand  in  eight  ranks,  that  three  turns  around  the  stem 
are  made  by  the  sphal  in  passing  from  any  particular  leaf  to  the  next 
that  is  directly  al)ove  it,  and  tliat  successive  leaves  along  the  spiral 
are  separated  by  three-eighths  of  the  circumference  of  the  stalk. 

NEW  WORLD  COTTONS  WITH  THREE-EIGHTHS  SPIRALS. 

The  arrangement  of  leaves  in  three-eighths  spirals  appears  to  be  a 
normal  characteristic  of  all  pure  strains  of  cotton  belonging  to  the 
Upland  and  Sea  Island  species  (Gossijpium  hirsutum  and  G.  harbadense) 
and  to  the  nearly  related  types  that  are  natives  of  tropical  America. 
This  normal  arrangement  appears  with  much  regularity  in  varieties 
introduced  from  tropical  America,  when  i)lanted  for  the  first  time  in 
the  United  States.  With  the  advance  of  acclimatization,  the  leaf 
arrangements  are  varied  by  frequent  examples  of  one-third  and  two- 
fifths  spirals,  and  similar  irregularities  are  found  among  native  Upland 
varieties.  Pure  stocks  are  much  more  likely  to  have  the  regular 
tliree-eighths  arrangement  than  tliose  not  carefully  bred. 

Variations  in  the  arrangement  of  the  leaves  were  first  noticed  in 
Egyptian-Upland  hybrids,  but  were  found  later  in  all  hybrid  stocks, 
including  many  crosses  between  different  Upland  types.  Hybrid 
jilants  lUxay  have  a  one-third,  two-fifths,  or  even  a  five-thirteenths 
spiral  arrangement,  although  both  parents  may  have  had  the  normal 
tliree-eighths  arrangement,  or  hybrids  may  have  the  normal  arrange- 
ment of  the  parents.  The  very  general  prevalence  of  the  tliree- 
eighths  spiral  among  American  types  of  cotton  warrants  the  suspicion 
that  any  plant  without  the  normal  tliree-eighths  arrangement  is  of 
hybrid  origin  or  the  result  of  recent  mutative  variation. 

On  the  other  hand,  there  is  a  possibility  that  the  regularity  of  the 
three-eighths  arrangement  in  the  newly  imported  stocks  ma}'  rep- 
resent one  of  the  tendencies  of  reversion  that  are  very  frequently 
sho^vn  in  other  characters  of  the  plants.  The  simpler  forms  of  spirals 
may  be  correlated  with  the  smaller  size  and  more  fertile  habits  of 
growth  of  acclimatized  stocks,  but  if  this  be  true  some  varieties  should 
be  found  with  the  simpler  spirals  as  a  regular  feature.  The  systems 
of  arrangement  followed  by  the  foreign  cottons  in  their  native  coun- 
tries must  also  be  ascertained  before  definite  conclusions  can  be  dra\^^l 
regarding  the  effects  of  new  conditions  and  acclimatization. 

Mutative  stocks,  as  far  as  known,  differ  fi-om  hybrid  stocks  in  that  all 
the  plants  of  a  stock  have  the  same  leaf  arrangement.  This  may  be 
like  the  stock  from  which  the  type  mutated  or  it  may  be  different. 
The  only  type  of  Upland  cotton  that  seems  to  show  a  regular  deviation 
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some  varieties  tlie  axillaiy  branches  are  represented  only  by  small 
rudiments  or  mere  dormant  buds,  or  they  may  die  and  drop  off,  leav- 
ing only  minute  scars,  often  difficult  to  detect  in  mature  plants. 
When  the  limbs  are  produced  they  usually  take  a  more  upright 
position  than  tlie  fruiting  branches  and  often  attain  a  height  as 
great  or  greater  than  that  of  the  main  axis  of  the  plant.  In  plants 
that  have  been  injured  or  pruned  or  that  have  had  their  growth 
interrupted  b}"  dry  weather,-  limbs  may  develop  late  in  the  season, 
either  from  basal  joints  of  the  stem  or  from  joints  that  have  already 
produced  fruiting  branches.  At  the  base  of  the  plant  the  vegetative 
branches  usually  grow  more  rapidly  than  the  limbs,  so  that  the  latter 
may  be  forced  to  one  side  or  their  development  arrested,  but  near 
the  middle  of  the  plant  a  limb  and  a  fruiting  branch  may  occur  at 
the  same  node  and  may  develop  to  about  the  same  extent.  In  the 
Upland  types  of  cotton  the  vegetative  branches  seldom  occur  above 
the  fifth  node  from  the  base  of  the  plant.  The  Egyptian  cotton  has 
a  much  stronger  tendency  to  produce  vegetative  branches.^ 

Vegetative  branches  often  grow  as  tall  or  taller  than  the  main 
stalk  and  are  generally  larger  than  the  limbs  when  both  are  produced 
on  the  same  plant.  They  usually  develop  only  at  the  base  of  the 
plant,  but  are  often  quite  numerous  and  may  even  replace  the 
fruiting  branches  over  the  whole  plant,  as  often  occurs  in  the  first 
generation  of  foreign  cottons  introduced  into  the  United  States. 
Plants  that  develop  only  vegetative  branches  are  rendered  com- 
pletely sterile.  Having  no  fruiting  brandies  they  are  unable  to 
form  any  flower  buds.  This  condition  of  sterility  is  to  be  distin- 
guished from  another  that  is  still  more  common  in  unacclimatized 
stocks.  Although  fruiting  branches  are  present  the  flower  buds 
may  all  be  abortive  in  the  early  stages,  so  that  no  flowers  are  pro- 
duced. Moreover,  plants  that  are  able  to  produce  an  abundance  of 
flowers  may  still  fail  to  set  any  bolls. 

Hj^brids  may  also  be  rendered  sterile  in  the  same  ways.  An 
important  step  in  the  improvement  of  all  cottons  by  selection  is  tlie 
removal  of  all  plants  showing  a  tendenc}"  to  multiply  vegetative 
branches  at  the  expense  of  fruiting  branches.  Even  though  large 
branching  plants  may  produce  large  quantities  of  cotton,  seed  from 
such  plants  should  not  be  selected;  furthermore,  the  crop  ripens  late 
and  the  yield  per  acre  is  generally  less  than  can  be  secured  from 
small  plants.  The  presence  of  the  boll  weevil  greatly  increases  the 
disadvantage  of  growing  late  varieties. 

A  special  study  of  the  brandling  habit  of  EgA-ptian  cotton  in  Ari- 
zona has  been  made  by  Mr.  Arg}de  McLachlan,  of  the  Bureau  of  Plant 

'See  "A  Study  of  Diversity  in  Egyptian  Cotton, '■  Bulletin  156,  Bureau  of  Plant  Industry.  Also 
"Dimorphic  Brandies  in  Tropical  Crop  Plants:  Cotton,  Coffee,  Cacao,  the  Central  American  Rubber 
Tree,  and  the  Banana,"  Bulletin  198,  Bureau  of  Plant  Industry. 
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Industry,  who  finds  that  the  vegetative  branches  are  produced  for  12 
to  14  nodes  from  the  base  of  the  main  stalk  in  plantings  of  newly 
imported  seed,  whereas  in  acclimatized  strains  tlie  number  of  vege- 
tative branches  is  distinctly  reduced  and  tlie  i)roduction  of  fruiting 
branches  usually  begins  five  or  six  joints  closer  to  the  ground. 

Weather  that  is  dry  enough  to  retard  the  growth  of  the  plants  also 
discourages  the  formation  of  limbs  and  vegetative  branches,  while 
humid  conditions  favor  the  jiroduction  of  l)oth.  After  a  prolonged 
(h'ought  at  San  Antonio,  Tex.,  during  tlie  season  of  1909,  no  plants 
of  either  New  World  or  Old  World  cottons  could  l)e  found  with  limbs, 
except  as  short  rudiments,  -though  many  of  the  basal  extra-axillary 
vegetative  branches  were  well  developed.  The  dry  weather  was  ap- 
])arently  al)le  to  suppress  the  limbs  without  seriously  restricting  the 
growth  of  the  extra-axillary  vegetative  branches  that  had  begun  to 
develop  early  in  the  season. 

With  an  abundant  supply  of  water  the  limbs  may  be  forced  into 
vigorous  growth  and  may  gain  a  predominance  over  the  vegetative 
branches,  as  was  well  illustrated  at  Del  Rio,  Tex.,  during  the  same 
season.  There  the  cotton  from  the  same  stocks  as  those  in  the  San 
Antonio  experiment  received  a  plentiful  supply  of  water,  and  limbs 
were  much  more  numerous  than  vegetative  branches.  The  vegetative 
branches  usually  outnumber  the  limbs  unless  the  latter  have  been 
forced  into  growth  late  in  the  season. 

ABRANGEMENT  OF  THE  LEAVES  ON  THE  LIMBS  AND  VEGETATIVE 

BRANCHES. 

The  arrangement  of  the  leaves  and  buds  on  both  the  axillary  limbs 
and  the  vegetative  branches  is  the  same  as  on  the  main  stalk  of  the 
cotton  plant.  If  the  main  stalk  has  the  normal  three-eighths  arrange- 
ment all  the  limbs  and  vegetative  branches  follow  the  same  system, 
no  matter  how  many  branches  the  plant  may  have.  Deviations  from 
the  normal  spiral  on  the  main'stalk  are  also  accompanied  by  abnormal 
arrangements  on  the  vegetative  branches. 

There  seems  to  be  little  or  no  regularity  in  the  directions  of  the  leaf 
spirals  on  either  the  vegetative  branches  or  the  limbs.  Often  several 
succeeding  vegetative  branches  will  turn  their  spirals  in  the  same  (right 
or  left)  direction,  while  again  they  seem  to  alternate  their  direction 
with  some  regularity.  The  direction  of  the  spirals  of  the  vegetative 
branches  often  appears  to  agree  with  that  of  the  main  stalk  in  cases 
where  the  vegetative  branches  are  few  in  number,  but  if  the  branches 
are  numerous,  differences  in  the  direction  of  the  spirals  can  usually 
be  found.  If  a  limb  and  a  vegetative  branch  develop  at  the  same 
node,  their  si)irals  may  follow  the  same  direction  or  may  l)e  opposed. 
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some  varieties  the  axillaiy  branches  are  represented  only  by  small 
rudiments  or  mere  dormant  buds,  or  they  may  die  and  drop  off,  leav- 
ing only  minute  scars,  often  difficult  to  detect  in  mature  plants. 
When  the  limbs  are  produced  they  usually  take  a  more  upright 
position  than  the  fruiting  branches  and  often  attain  a  height  as 
great  or  greater  than  that  of  the  main  axis  of  the  plant.  In  plants 
that  have  been  injured  or  pruned  or  that  have  had  their  growth 
interrupted  by  dry  weather,-  limbs  may  develop  late  in  the  season, 
either  from  basal  joints  of  the  stem  or  from  joints  that  have  already 
produced  fruiting  branches.  At  the  base  of  the  plant  the  vegetative 
branches  usually  grow  more  rapidly  than  the  limbs,  so  that  the  latter 
may  be  forced  to  one  side  or  their  development  arrested,  but  near 
the  middle  of  the  plant  a  limb  and  a  fruiting  branch  may  occur  at 
the  same  node  and  may  develop  to  about  the  same  extent.  In  the 
Upland  types  of  cotton  the  vegetative  branches  seldom  occur  above 
the  fifth  node  from  the  base  of  the  plant.  The  Egyptian  cotton  has 
a  much  stronger  tendency  to  produce  vegetative  branches.^ 

Vegetative  branches  often  grow  as  tall  or  taller  than  the  main 
stalk  and  are  generally  larger  than  the  limbs  when  both  are  produced 
on  the  same  plant.  They  usually  develop  only  at  the  base  of  the 
plant,  but  are  often  quite  numerous  and  may  even  replace  the 
fruiting  branches  over  the  whole  plant,  as  often  occurs  in  the  first 
generation  of  foreign  cottons  introduced  into  the  United  States. 
Plants  that  develop  only  vegetative  branches  are  rendered  com- 
pletely sterile.  Having  no  fruiting  branches  they  are  unable  to 
form  any  flower  buds.  This  condition  of  sterility  is  to  be  distin- 
guished from  another  that  is  still  more  common  in  unacclimatized 
stocks.  Although  fruiting  branches  are  present  the  flower  buds 
may  all  be  abortive  in  the  early  stages,  so  that  no  flowers  are  pro- 
duced. Moreover,  plants  that  are  able  to  produce  an  abundance  of 
flowers  may  still  fail  to  set  any  bolls. 

Hybrids  may  also  be  rendered  sterile  in  the  same  ways.  An 
important  step  in  the  improvement  of  all  cottons  by  selection  is  the 
removal  of  all  plants  showing  a  tendency  to  multiply  vegetative 
branches  at  the  expense  of  fruiting  branches.  Even  though  large 
branching  plants  may  produce  large  quantities  of  cotton,  seed  from 
such  plants  should  not  be  selected ;  furthermore,  the  crop  ripens  late 
and  the  yield  per  acre  is  generally  less  than  can  be  secured  from 
small  plants.  The  presence  of  the  boll  weevil  greatly  increases  the 
disadvantage  of  growing  late  varieties. 

A  special  study  of  the  brandling  habit  of  EgA'ptian  cotton  in  Ari- 
zona has  been  made  by  Mr.  Argjde  McLachlan,  of  the  Bureau  of  Plant 

>See  "A  Study  of  Diversity  In  Egyptian  Cotton,'-  Bulletin  156,  Bureau  of  Plant  Industry.  Also 
"Dimorphic  Brandies  in  Tropical  Crop  Plants:  Cotton,  Coffee,  Cacao,  the  Central  American  Rubber 
Tree,  and  the  Banana,"  Bulletin  198,  Bureau  of  Plant  Industry. 
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Industry,  who  finds  tliat  tlio  vogetative  branches  are  pi-oduced  for  12 
to  14  nodes  from  tlie  base  of  the  main  stalk  in  })lantings  of  newly 
imjiorted  seed,  wliereas  in  acclimatized  strains  the  number  of  vege- 
tative branches  is  distinctly  reduced  and  the  ))roduction  of  fruiting 
branches  usually  begins  five  or  six  joints  closer  to  the  ground. 

Weather  that  is  dry  enough  to  retard  the  growth  of  the  plants  also 
discourages  the  formation  of  limbs  and  vegetative  branches,  while 
humid  conchtions  favor  the  production  of  ])oth.  After  a  prolonged 
(h'ought  at  San  Antonio,  Tex.,  during  the  season  of  1909,  no  plants 
of  either  New  World  or  Old  World  cottons  could  be  found  with  limbs, 
except  as  short  rudiments,  •though  many  of  the  basal  extra-axillary 
vegetative  l)ranches  were  well  develo})ed.  The  dry  weather  was  ap- 
parently able  to  suppress  the  limbs  without  seriously  restricting  the 
growth  of  the  extra-axillary  vegetative  branches  that  had  begun  to 
develop  early  in  the  season. 

With  an  abundant  supply  of  water  the  limbs  may  be  forced  into 
vigorous  growth  and  may  gain  a  predominance  over  the  vegetative 
branches,  as  was  well  illustrated  at  Del  Rio,  Tex.,  during  the  same 
season.  There  the  cotton  from  the  same  stocks  as  those  in  the  wSan 
Antonio  experiment  received  a  plentiful  supply  of  water,  and  lind)s 
were  much  more  numerous  than  vegetative  branches.  The  vegetative 
branches  usuallv  outnumber  the  limbs  unless  the  latter  have  been 
forced  into  growth  late  in  the  season. 

ABIIANGEMENT  OF  THE  LEAVES  ON  THE  LIMBS  AND  VEGETATIVE 

BRANCHES. 

The  arrangement  of  the  leaves  and  buds  on  both  the  axillar}^  limbs 
and  the  vegetative  branches  is  the  same  as  on  the  main  stalk  of  the 
cotton  plant.  If  the  main  stalk  has  the  normal  three-eighths  arrange- 
ment all  the  limbs  and  vegetative  branches  follow  the  same  system, 
no  matter  how  many  branches  the  plant  may  have.  Deviations  from 
the  normal  spiral  on  the  maiirstalk  are  also  accompanied  by  abnormal 
arrangements  on  the  vegetative  branches. 

There  seems  to  be  little  or  no  regiilarity  in  the  directions  of  the  leaf 
spirals  on  either  the  vegetative  branches  or  the  limbs.  Often  several 
succeeding  vegetative  branches  will  turn  their  spirals  in  the  same  (right 
or  left)  direction,  while  again  they  seem  to  alternate  their  direction 
with  some  regularity.  The  direction  of  the  spirals  of  the  vegetative 
branches  often  appears  to  agree  with  that  of  the  main  stalk  in  cases 
where  the  vegetative  branches  are  few  in  number,  but  if  the  branches 
are  numerous,  differences  in  the  direction  of  the  spirals  can  usually 
be  found.  If  a  limb  and  a  vegetative  branch  develop  at  the  same 
node,  their  spirals  may  follow  the  same  direction  or  may  l)e  oj)posed. 
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ARRANGEMENT    OF   PARTS   IN    THE    COTTON    PLANT. 


ARRANGEMENT  OF  THE  FRUITING  BRANCHES. 


The  fruiting  branches  of  the  cotton  plant  are  developed  from  the 
extra-axillary  buds  that  stand  slightly  above  and  at  one  side  of  the 
axillary  buds  of  the  main  stalk  and  the  vegetative  branches.  Fruit- 
ing branches  are  very  seldom  produced  from 
the  lowest  nodes  of  the  main  stalk  or  the  vege- 
tative branches.  Even  when  no  limbs  or 
vegetative  branches  are  developed  at  the  base 
of  the  plant,  the  fruiting  branches  usually  do 
not  appear  below,  the  fourth  or  fifth  joint  of 
the  stalk.  When  vegetative  branches  are 
present  there  is  often  an  interval  between 
them  and  the  fruiting  branches,  a  condition 
found  by  ]\Ir.  McLachlan  to  be  especially  promi- 
nent in  the  Egyptian  cotton  in  Arizona. 

The  node  at  which  the  fruiting  branches 
are  first  produced  on  the  plant  varies  con- 
siderably, not  oidy  in  the  different  varieties 
and  t3^pes,  but  also  in  different  conditions  of 
growth.  In  Egyptian  cottons  this  zone  is  from 
the  eighth  to  the  fourteenth  nodes,  while  in 
the  Upland  cottons  it  is  from  the  fourth  to  the 
fifth.  In  Upland  cotton  fruiting  branches  may 
begin  to  be  formed  very  low  down,  only  one 
or  two  nodes  above  the  cotyledons,  while  in 
Egyptian  cottons  they  generally  begin  much 
higher  up,  between  the  tenth  and  the  fourteenth 
nodes.  "VMien  the  vegetative  growth  is  very 
luxuriant  the  fruiting  branches  may  be  still 
higher  up,  or  they  may  fail  altogether,  all  being 
replaced  by  branches  of  the  vegetative  sort,  as 
already  noted. 

Fruiting  branches  have  a  nearly  horizontal 
instead  of  a  vertical  or  ascending  position. 
The  basal  joints  are  also  longer  than  those 
of  the  vegetative  branches,  and  the  other  joints 
arc  usually  shorter,  twisted,  and  more  or  less 


Fig.  2.— Two  Internodes  of  a 
fruiting  branch  of  Upland  cot- 
ton.   (Natural  size.) 


Zigzag. 


(Fig.  2.) 


ARRANGEMENT  OF  THE  LEAVES  AND  FLOWERS  ON  THE  FRUITING 

BRANCHES. 


As  previously  stated,  the  leaves  of  the  fruiting  branches  do  not 
show  the  definite  leaf  arrangement  of  those  on  the  main  stalk  and 
vegetative   branches.     Tlie   twisting   of   the   joints  of   the    fruiting 
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branches  brinn;s  the  flower  buds  into  an  upriglit  position  and  allows 
the  leaves  to  stand  out  in  two  alternate  rows  along  the  sides  of  these 
branches.  If  one  joint  of  the  fruiting  branch  is  twisted  to  the  right, 
the  next  is  twisted  to  the  left,  and  so  on  in  regular  alternation,  bring- 
ing every  second  leaf  nearly  in  line  with  the  one  two  nodes  distant. 

The  direction  of  the  twist  of  the  basal  joint  also  appears  to  have 
a  regular  relation  to  the  position  of  the  branch  on  the  main  stalk. 
Branches  that  come  out  at  the  right  of  the  leaf  axil  usually  have  the 
basal  joint  twisted  to  the  right;  others  to  the  left.  The  twisting 
brings  the  first  leaf  of  the  fruiting  branch  opposite  the  leaf  on  the 
main  stalk,  at  the  base  of  the  branch.  This  alternation  suggests  the 
possibility  that  the  fruiting  branch  may  represent  a  specialized 
branch  from  the  base  of  the  axillary  limbs. 

The  leaves  of  the  fruiting  branches,  unlike  those  of  the  main  stalk 
and  vegetative  branches,  are  often  irregular  in  outline.  If  there  is 
an  odd  number  of  lobes  those  on  the  side  of  the  blade  away  from  the 
branch  are  usually  much  larger  than  those  alongside  of  the  branch. 
These  leaves  often  have  two  nectaries,  or  only  one,  instead  of  the 
three  nectaries  common  to  the  leaves  of  the  main  stalk,  one  borne 
on  the  midvein  and  the  second  on  the  primary  vein  subtending  the 
large  lobe  on  the  side  of  the  blade  away  from  the  branch. 

The  flower  buds  do  not  come  out  from  the  axils  of  the  leaves,  but 
often  appear  to  be  separated  by  almost  half  the  diameter  of  the 
stem.  In  cluster  cottons,  or  others  that  have  abnormal  branches, 
the  pedicel,  or  stem  of  the  flower,  appears  as  a  continuation  of  the 
joint  of  the  fi-uiting  branch  and  lacks  the  usual  absciss-layer  that 
allows  the  blasted  buds  to  fall  off  or  the  bolls  to  separate  at  maturity. 
This  may  indicate  that  the  fiiiiting  branches  have  what  botanists 
describe  as  the  sympodial  method  of  growth,  as  though  each  joint 
were  terminated  by  the  flower  and  the  next  joint  formed  by  the  devel- 
opment of  a  new  lateral  bud. 

In  addition  to  the  bud  that  continues  the  growth,  there  are  buds 
in  the  axils  of  the  leaves  of  the  fiaiiting  branches,  and  if  these  develop 
they  may  produce  vegetative  branches  of  the  usual  form.  In  other 
cases  the  axillary  buds  of  the  fruiting  branch  may  produce  very 
short  vegetative  branches,  and  these  may  give  rise  in  turn  to  very 
short  fmiting  branches,  so  that  one  joint  of  a  fruiting  branch  may 
appear  to  bear  two  or  three  bolls  in  an  exceptionafly  fertile  plant. 
Careful  examination  will  show  that  only  one  boll  is  borne  directly  on 
the  joint  and  that  the  others  come  from  branches  of  the  short  axillary. 

In  the  Asiatic  species  the  flowers  are  often  pendent  and  are  borne 
somewhat  on  the  sides  of  the  branch,  more  nearly  opposite  the  leaves. 
The  leaves  are  arranged  the  same  as  those  of  the  Upland  and  nearly 
related  types  of  cotton. 

222 


16 


ARRANGEMENT   OF   PARTS   IN   THE   COTTON    PLANT. 


ARRANGEMENT  OF  THE  INVOLUCRAL  BRACTS  AND  BRACTLETS. 

Each  flower  bud  of  the  cotton  plant  is  protected  by  an  involucre 
composed  of  three  specially  reduced  and  modified  leaf-like  organs, 
technically  called  bracts.  Inside  the  involucre,  between  the  bracts 
and  the  bud  proper,  still  smaller  leaf-like  organs,  the  so-called 
bractlets,  may  occur.  Both  the  bracts  and  the  bractlets  give  indi- 
cations of  regular  arrangement. 

Two  of  the  bracts  are  of  equal  size  and  are  often  appreciably  larger 
than  the  third.  The  small  bract  is  always  borne  on  the  side  of  the 
flower  that  faces  outward,  toward  the  end  of  the  branch.  (Fig.  3.) 
Bractlets  are  most  likely  to  be  associated  with  this  small  bract.  If 
only  two  bractlets  are  present,  as  frequently  happens,  they  stand  at 

either  side  of 
this  small  outer 
bract.  In  the 
Kekclii  cotton 
and  other  Cen- 
tral American 
types  the  bract- 
lets often  occur 


Fig.  3.— Diagram  showing  the  relation  of  parts  in  the  cotton  flower, 
and  calyx  teeth  natural  size.) 


(Bracts 


in  pairs,  alter- 
nating with  the 
bracts,  though  it 
is  rather  unusual 
to  find  a  com- 
plete set  of  six 
bractlets. 

Wlien  a  fourth 
involucral  bract 
occurs,  it  devel- 
ops at  one  side  of 

the  smaller  bract,  the  side  that  is  toward  the  leaf  of  the  same  node. 
This  additional  fourth  bract  has  always  been  found  to  be  smaller 
than  the  third  and  is  even  more  likely  to  be  accompanied  by  bractlets. 
The  lacinise,  or  teeth,  of  the  younger  bracts  are  often  bent  or 
twisted  in  one  direction  and  overlap  those  of  another  bract,  completely 
inclosing  the  young  bud.  (Fig.  4.)  At  one  node  the  laciniae  twist  in 
one  direction  and  at  the  next  the  direction  is  reversed.  This  twisting 
is  opposite  in  direction  to  that  of  the  internode  which  bears  the 
flower  and  in  the  same  direction  in  which  the  petals  of  the  same 
flower  overlap. 

ARRANGEMENT  OF  THE  LOBES  OF  THE  CALYX. 

The  calyx  of  the  cotton  flower  is  usuallv  very  small,  the  usual  func- 
tion  of  the  calyx,  to  i^iotect  the  3'oung  bud,  liaving  been  assumed  by 
the  much  larger  involucral  bracts.     The  calyx  forms  in  most  kinds  of 
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cotton  merely  a  shallow  cup  around  the  bases  of  the  petals.  The 
margin  of  the  cup  is  more  or  less  divided  or  produced  into  five  lobes, 
sometimes  short  and  broad,  sometimes  long  and  pointed.  The 
assumption  that  these  lobes  represent  as  many  sepals  or  bracts  of 
some  ancestral  relative  is  warranted  by  their  position  and  by  the 
fact  that  a  transparent  line  is  also  sometimes  to  be  seen,  extending 
from  the  sinus  between  two  lobes  to  the  base  of  the  calyx. 

Seldom,  if  ever,  is  a  calyx  found  with  lobes  of  uniform  size.  Usu- 
ally there  are  two  large  lobes,  two  small  lobes,  and  one  of  intermediate 
size.  In  the  Egyptian  cotton  and  in  some  of 
the  Asiatic  species,  calyxes  are  found  with  the 
margin  almost  evenly  truncate,  but  it  is 
usually  possible  to  distinguish  the  five  lobes 
and  to  see  that  they  are  of  unequal  size. 

One  of  the  small  lobes  stands  between  the 
two  large  lobes  and  is  alwaj^s  on  the  outer 
face  of  the  calyx,  that  is,  opposite  to  the  small 
outer  bract  of  the  involucre.  (Fig.  5.)  The 
other  small  lobe  is  between  one  of  the  large 
lobes  and  the  intermediate  lobe,  but  it  ma}" 
be  on  either  side  of  the  intermediate  lobe. 
The  position  of  the  second  of  the  small  lobes 
with  reference  to  the  intermediate  lobe  has  a 
constant  relation  to  the  twisting  of  the  other 
parts  of  the  flower.  If  the  petals  twist  to 
the  right  the  intermediate  lobe  is  at  the  right 
of  the  small  lobe,  and  vice  versa.  These  rela- 
tions can  usually  be  ascertained  mthout 
much  difficulty,  though  abnormal  calyxes  are 
occasionally  found,  especially  in  connection 
with  irregularities  in  the  petals  and  other 
floral  organs. 

In  view  of  the  fact  that  organs  of  inter- 
mediate form  are  often  found,  it  is  not  un- 
reasonable to  consider  the  so-called  calyx  as  belonging  to  tne  same 
series  of  modified  leaf  organs  as  the  outer  involucral  bracts.  In 
other  words,  the  so-called  calyx  may  be  looked  upon  as  the  inner 
'  involucre  rather  than  as  a  true  calyx.  This  view  seems  to  give  a 
better  understanding  of  the  arrangement  of  parts.  It  would  explain, 
for  example,  the  further  fact  that  the  smallest  lobe,  on  the  outer 
(distal)  side  of  the  calyx,  seems  to  stand  directly  opposite  to  the 
small  outer  bract  of  the  involucre,  whereas  none  of  the  other  lobes 
appears  opposite  to  the  bracts.  The  small  outer  involucral  bract  would 
commence  and  the  smallest  lobe  of  the  calyx  would  complete  one  whorl 
or  series  of  eight  leaves  in  the  usual  system  of  leaf  arrangement. 
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Fig.  4.— Brads  of  Upland  cotton 
Inclosing  bud,  showing  twisted 
teeth.    (Natural  size.) 
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ARRANGEMENT    OF   PARTS   IN    THE    COTTON    PLANT. 


The  two  large  lobes  of  the  calyx  alternate  with  two  of  the  involu- 
cral  bracts,  and  each  of  these  lobes  is  usually  provided  with  a  nectary. 
The  intermediate  lobe  and  the  remaining  small  lobe  do  not  appear  to 
be  definitely  alternate  or  opposite  to  any  of  the  bracts.  (Fig.  6.) 
Often  the  intermediate  lobe  approaches  the  size  of  the  large  lobes, 
especially  in  the  Upland  varieties.  It  then  appears  more  nearly 
alternate  with  the  involucral  bracts  and  usually  has  a  nectary  at  its 

base,  like  the  other  large 
lobes.  In  other  cases  the 
nectary  is  usually  absent. 

ARRANGEMENT  OF  THE 
INTRACALICARY  OR- 
GANS. 

Inside  of  the  cah^c:  of  the 
cotton  flower,  between  the 
calyx  and  the  petals,  a  series 
of  small,  greenish,  oboval  or 
spatulate  organs  may  often 
be  found.  (Fig.  7.)  The  com- 
plete number  of  these  organs 
is  five  and  they  are  arranged 
in  regular  alternation  with 
the  lobes  of  the  calyx.  The 
size  is  extremely  variable,  so 
that  the  full  number  is  sel- 
dom to  be  seen  by  the  naked 
eye.  Some  of  them  are  usu- 
ally represented  by  minute 
rudiments  visible  under  a  lens 
as  small  tufts  of  hairs  at  the 
base  of  the  calyx.  When  very 
large  they  may  extend  to  the 
margin  of  the  calyx,  and  in  rare  cases  may  project  slightly  above  it. 
That  those  organs  are  arranged  in  alternation  with  the  lobes  of  the 
calyx  is  rendered  the  more  apparent  by  the  fact  that  they  stand  in 
front  of  faint  transparent  lines  that  mark  the  sutures  between  the 
component  parts  of  the  calyx.  This  was  first  observed  in  the  Willet's 
Red  Leaf  variety  of  Upland  cotton,  where  the  deep-red  color  of  the 
outside  of  the  calyx  makes  the  transparent  lines  more  distinct. 
These  lines  are  often  very  faint,  but  they  seem  to  be  generally  present. 
The  intracalicary  organs  may  be  free  from  the  calyx  to  near  the  base 
or  they  may  be  united  with  the  calyx  at  the  back,  along  the  sutures 
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Fig.  5.— Flower  of  Upland  cotton,  from  (he  side,  showing 
the  position  of  the  small  calyx  lobe  opposite  the  smallest 
bract.    (Natural  size.) 
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which  separate  the  calyx  lobes.  They  are  somewhat  thickened  and 
fleshy  at  the  base,  but  become  very  thin  toward  the  apex.  Like 
other  parts  of  the  calyx  they  are  well  spotted  with  oil  glands  and  have 
faint  veinlets  radiating  from  a  transparent  median  line. 

The  fact  that  these  organs  are  frequently  adherent  to  the  calyx 
lobes  and  that  they  often  have  a  transparent  median  line,  somewhat 
like  the  sutures  that  separate  the  lobes,  suggests  that  they  may  repre- 
sent ingrown  margins  of  the  calyx  lobes.  Or  they  may  be  considered 
as  stipular  elements  of  the  calyx  lobes,  brought  into  expression  in  an 
irregular  manner,  like  the  bractlets  that  appear  on  the  outside  of  the 
calyx.  If  viewed  as  independent  organs,  apart  from  the  calyx,  it  is 
necessary  to  sup- 
pose that  they  rep- 
resent rudimentary 
internodes  or  joints 
of  the  floral  branch, 
intercalated  be- 
tween the  calyx  and 
the  corolla,  perhaps 
analogous  to  the 
suppressed  or  rudi- 
mentary branches 
that  occur  from  the 
interval  between 
the  vegetative 
branches  and  the 
fruiting  branches. 

If  reckoned  as 
parts  of  the  calyx, 
the     intracalicary 

OriranS    add    to    the       Fig.6.— Flower  of  upland  cotton,  from  below,  with  bracts  removed, 
,  .  showing  the  arrangement  of  calyx  lobes,  petals,  and  nectaries.    (Nat- 

morphological  uralsize.) 

analogies  between  the  calyx  and  the  involucre.  If  supposed  to  rep- 
resent independent  metamers,  the  intermediate  position  of  the  intra- 
calicary organs  would  indicate  that  the  so-called  calyx  is  really  a  part 
of  the  involucre,  since  it  is  separated  from  the  corolla  by  the  intra- 
calicary organs,  which  might  even  be  considered  as  rudiments  of  the 
true  calyx.  It  is  possible  that  a  study  of  the  irregularities  in  the 
formation  of  the  involucre  in  relation  to  different  systems  of  phyl- 
lotaxy  would  give  more  definite  indications  regarding  some  of  the 
morphological  questions.  The  three  bracts  and  the  five  calyx  lobes 
would  represent  one  complete  whorl  in  a  three-eighths  system,  but 
not  in  a  two-fifths  or  a  one-third  system. 
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ARRANGEMENT  OF  THE  PETALS. 


The  five  petals  of  the  cotton  flower  stand  in  alternation  with  the 
five  lobes  of  the  calyx  and  are  inserted  on  the  base  of  the  staminal 
column,  one  petal  at  the  base  of  each  of  the  five  lobes  or  ridges  of  the 
column.  Abnormal  flowers  sometimes  occur  ^\nth  six  or  more  petals 
or  with  small  petal-like  organs  on  the  base  of  the  staminal  column, 
above  the  large  petals — another  indication  of  the  relation  of  the  petals 
to  the  staminal  column. 

The  arrangement  of  the  five  petals  of  the  cotton  flower  in  the  bud 

may  be  described  as  convolute;  that 
is,  each  petal  overlaps  the  next. 
Sometimes  the  petals  overlaji  to  the 
right,  sometimes  to  the  left.  If  the 
intemode  that  bears  the  flower  twists 
to  the  right,  the  petals  of  the  flower 
overlap  to  the  left,  and  ^dce  versa. 

Looldng  into  the  flower,  it  appears 
that  the  petals  and  the  stamens  t\nst 
in  the  same  direction.  The  direction 
of  the  twisting  of  the  petals  is  re- 
versed in  each  succeeding  flower,  as 
is  the  case  with  the  internode  of  the 
fruiting  branch  which  bears  the  flower. 
Finally,  the  petals  twist  in  the  same 
direction  as  the  teeth  of  the  bracts 
and  stamens  of  the  same  flower. 
(Fig.  8.) 


ARRANGEMENT  OF  THE  STAMENS. 


Fig.  7.-Calyxes  of  Cochin   China   Upland  The  COttOU  floWCr  haS  a  large  clustcr 

cotton,  showing  intracalicary  organs  alter-  .  .  ,, 

nate  with  calyx   lobes.    (Slightly  en-    ot  stamens,  ottcn  Es  many  as  90,  ail 
•*'"s®^>  inserted  on  a  tubular  sheath  of  tissue 

known  as  the  staminal  column.  This  surrounds  and  covers  the  pistil, 
allowing  only  the  stigmas  and  part  of  the  style  to  project  l^eyond  the 
cluster  of  stamens.  If  the  style  is  long,  as  in  the  Egyptian  cotton, 
the  stigma  may  be  carried  well  above  the  stamens,  so  that  insects 
may  be  required  for  fertilization.  In  the  Upland  cottons  the  style 
is  generally  shorter  and  the  stigmas  may  remain  buried  among  the 
stamens,  insuring  self-fertilization. 

Though  the  stamens  may  at  first  appear  to  have  no  regularity  of 
arrangement,  it  is  usually  possible  to  see  that  they  spring  from  five 
vertical  ridges  of  the  staminal  column,  often  ending  in  as  many  teeth 
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or  lobes.  The  position  of  these  ridges  is  opposite  to  that  of  the  petals. 
Often  there  appear  to  be  two  rows  of  stamens  on  each  ridge,  one  on 
either  side.  All  of  the  filaments  are  usually  bent  in  the  direction  of 
the  twist  of  the  petals  and  stigmas  of  the  same  flower. 

The  staminal  column  is  reckoned  by  botanists  as  one  of  the  peculiar 
characteristics  of  the  mallow  family,  to  which  the  cotton  belongs. 
Some  of  the  relatives  of  the  cotton  have  only  5  or  10  stamens  and 
little  or  no  development  of  the  staminal  column.  Abnormal  cotton 
flowers  are  sometimes  found  with  the  column  very  short  or  split  to 
the  base  into  five  separate  lobes  that  may  represent  as  many  original 
stamens.  On  some  plants  all  gradations  may  be  found  between  this 
form  of  separate  short  lobes  bearing  few  stamens,  sometimes  only 
two,  and  the 
elongated  col- 
umn of  ridges 
bearing  an  in- 
definite  num- 
ber of  stamens. 

In  other 
words,  the 
staminal  col- 
umn mav  be 
looked  upon  as 
composed  of 
the  united  fila- 
ments or  bases 
of  the  many 
stamens  that 
are  separated 
only  at  the  end. 
The  presence  of 
partly  divided 
anthers  and  of 

branched  filaments,  bearing  two,  three,  or  four  anthers,  also  suggests 
the  possibility  that  the  large  number  of  stamens  now  present  in  a 
normal  cotton  flower  may  have  been  attained  by  the  subdivision  or 
branching  of  an  originally  small  ring  of  stamens.  This  would  explain 
why  the  staminal  tube  has  been  developed  as  a  common  base  for  all 
the  stamens  instead  of  having  them  separately  inserted,  as  in  most 
of  the  families  of  plants  that  have  numerous  stamens. 

ARRANGEMENT  OF  THE  CARPELS. 

The  number  of  stigmas  of  the  cotton  flower  is  the  same  as  that  of 
the  carpels,  or  ''locks,"  of  the  ripe  seed  pod  or  "boll."     In  contrast 


Fig.  8. — Flower  of  Upland  cotton,  from  above,  showing  the  xwsition  of  petals, 
stigmas,  and  stamens.    (Natural  size.) 
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^vilh  the  generally  constant  number  of  bracts,  calyx  lobes,  and  petals, 
the  number  of  carpels  is  always  varied,  even  among  the  flowers  of 
the  same  plant.  No  variety  of  cotton  is  kno^vn  to  have  a  constant 
number  of  carpels.  In  Upland  cotton  four-locked  and  five-locked 
bolls  are  the  rule;  in  EgA^ptian  and  Sea  Island  varieties  the  bolls  are 
three  locked  and  four  locked.  Three-locked  bolls  are  occasionally 
found  in  Upland  cotton,  and  two-locked  bolls  in  Egyptian.  Six- 
locked  bolls  are  of  rare  occurrence.  Abnormal  bolls  \vith  still  larger 
numbers  of  locks  result  from  fasciation,  especiallj^  in  the  "cluster" 
varieties  of  Upland  cotton. 

When  the  number  of  carpels  is  less  than  five  it  does  not  appear 
that  they  have  any  regularity  of  arrangement  with  reference  to  other 
parts  of  the  flower,  but  when  five  carpels  are  present  they  appear  to 
stand  in  alternation  with  the  lobes  of  the  staminal  column  and  the 
petals  and  opposite  the  calyx  lobes.  The  stigmas  are  not  usually 
tmsted,  but  sometimes  they  are  bent  in  the  direction  taken  by  the 
stamens  and  petals. 

AKRANGEMENT  OF  THE  HAIRS  ON  THE   SURFACE  OF  THE   SEED 

COAT. 

Although  not  to  be  considered  in  detail  in  the  present  paper,  the 
distribution  of  the  hairs  on  the  surface  of  the  cotton  seed  is  another 
subject  worthy  of  study  from  the  standpoint  of  position  and  arrange- 
ment. In  most  of  the  chfTerent  species  and  varieties  of  cotton  the 
seed  produces  two  distinct  kinds  of  hairs.  The  long  hairs  represent 
the  commercial  fiber,  or  Hnt,  and  the  shorter,  finer  hairs  represent 
the  fuzz  left  on  the  seed  after  ginning.  The  fuzz  may  be  white  like 
the  hnt,  but  is  often  green  or  brown.  If  no  fuzz  is  produced  the  seeds 
are  left  black  and  naked  after  ginning.  Naked-seeded  variations  are 
quite  common  in  some  varieties  of  Upland  cotton  and  are  very 
undesirable  because  the  absence  of  fuzz  is  nearly  alwaj^s  accom- 
panied by  a  serious  reduction  in  the  amount  of  lint.  In  a  few  cases 
plants  have  been  found  with  neither  fuzz  nor  lint.  Though  the  pres- 
ence of  fuzz  seems  to  be  correlated  with  abundance  of  lint,  very  fuzzy 
seeds  sometimes  have  very  few  of  the  long  lint  fibers;  sometimes  none 
at  all. 

In  the  Upland  type  of  cotton  the  two  kinds  of  hairs  are  mixed 
together  over  the  whole  surface  of  the  seed,  but  in  other  sorts  there 
are  definite  difTerences  in  the  position  of  the  hnt  and  fuzz.  In  the 
Egyptian  cottons  there  is  a  strong  tendency  to  restrict  the  fuzz  to 
the  ends  of  the  seed  and  the  lint  to  the  intermediate  position.  A 
peculiar  form  of  Sea  Island  cotton  found  in  a  locality  called  San 
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Lucas,  in  eastern  Guatemala,  between  Cajabon  and  Sonahu,  shows 
the  most  extreme  specialization  of  the  two  kinds  of  hairs  on  the 
seed.  The  lower  half  of  the  seed  is  without  lint,  but  has  a  dense, 
velvety  covering  of  bright-green  fuzz.  The  upper  half  of  the  seed 
produces  lint  but  no  fuzz. 

In  addition  to  the  positional  relation  of  the  fuzz  and  lint  there  are 
also  differences  in  the  lengths  of  the  lint  fibers  on  different  parts  of 
the  seed.  Some  varieties  of  Upland  cotton  have  a  strong  tendency 
to  have  the  fibers  of  the  upper  part  of  the  seed  distinctly  longer  than 
those  of  the  lower  part,  so  that  when  the  lint  is  parted  and  combed 
out  from  the  seed  a  "butterfly"  outline  is  formed.  The  butterfly 
tendency  is  undesirable  because  inequality  in  the  lengths  of  the  fibers 
lessens  the  commercial  value  of  the  cotton  for  spinning  purposes. 
Even  when  the  long  fibers  are  not  all  restricted  to  the  upper  part  of 
the  seed,  the  lower  part  may  show  an  evident  preponderance  of 
shorter  fibers. 

ARRANGEMENT  OF  THE  ROOTS  AND  UNDERGROUND  SHOOTS. 

The  central  stalk  of  the  cotton  plant  extends  into  the  ground  to 
form  the  taproot.  The  lateral  roots  arise  in  four  rows  from  four 
shallow  vertical  grooves,  one  on  each  side  of  the  taproot.  The 
regularity  of  arrangement  is  often  obscured  by  the  bending  and 
twisting  of  the  taproot,  as  well  as  by  the  fact  that  the  lateral  roots 
take  different  directions  and  develop  very  unequally.  But  most  plants 
show  definite  indications  of  an  arrangement  of  the  roots  in  rows, 
and  in  occasional  individuals,  where  all  the  roots  happen  to  project 
at  right  angles,  the  four-ranked  character  of  the  root  system  is  very 
plain,  even  in  old  plants.     (Fig.  9.) 

In  addition  to  the  various  kinds  of  buds  and  branches  already 
described,  the  cotton  plant  is  able  to  produce  underground  shoots 
from  the  same  grooves  as  the  roots.  The  underground  shoots  have 
at  first  a  rounded  or  irregular  form,  Hke  root  nodules  or  galls,  and 
may  represent  modified  root  primordia.  The  nodules  grow  to 
various  sizes,  sometimes  attaining  a  diameter  of  nearly  an  inch  before 
sho^\dng  the  le&fy  bud  that  develops  into  a  vegetative  branch.  The 
similarity  to  crown  galls  may  prove  interesting  and  even  worthy  of 
study  from  the  standpoint  of  pathological  tissues. 

Subterranean  shoots  seem  to  be  developed  much  more  freely  in 
the  Egyptian  cotton  than  in  Upland  varieties.  They  seemed  to  be 
generally  distributed  over  a  whole  field  of  several  acres  of  Egj^ptian 
cotton  at  Bard,  Cal.,  where  nearly  all  of  the  plants  were  killed  down 
to  the  ground  in  the  winter  of  1910-11.     The  roots  of  all  the  plants 
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that  were  dug  up  in  different  parts  of  the  field  were  found  to  be  alive 
and  showed  in  May,  1911,  many  different  stages  of  development  of 

the  subterranean  shoots.  Sev- 
eral of  the  lower  leaves  of  such 
branches  were  small  and  distorted, 
but  normal  leaves  were  produced 
on  shoots  that  had  emerged  from 
the  ground. 

In  cases  where  the  plants  had 
not  been  killed  too  far  down,  new 
shoots  had  been  formed   at   the 
axils   of  the   cotyledons   and  no 
subterranean   shoots    or   nodules 
were  found.     If  the  buds  in  the 
axils  of  the   cotyledons   had   de- 
veloped into  Umbs  in  the  previous 
year,  new  adventitious  buds  were 
produced  from  the  swollen  bases 
of  the  hmbs.     The  branches  from 
such  buds  were  very  small   and 
slender  at  first,  quite  unhke  the 
large,  fleshy  excrescences  that  gave 
rise  to   the  underground  shoots. 
The  lower  part  of  the  stalk,  rep- 
resenting   the    hypocotyl   of    the 
seedling,  between  the  cotyledons 
and  the  surface  of   the    ground, 
seems  to  have  no  power  of  pro- 
ducing   adventitious    buds.     Nor 
did   any   of    the   nodules    appear 
upon  the  lateral  roots  of  any  of 
the    plants    that    were    dug    up. 
They  seem  to  be  entirely  confined 
to  the  same  lines  or  grooves  which 
give   rise   to   the  normal   lateral 
roots,  and  often  show  very  clearly 
the    same    arrangement    in    four 
vertical  rows.     (Fig.  9.) 

CONCLUSIONS. 


Fig.  9.— Taproot  of  Egyptian  cotton,  showing  the 
arrangement  of  lateral  roots  and  underground 
shoots. 


Plants  are  compound  organisms 
built  up  by  many  units  of  struc- 
ture, the  internodes  or  metamers.  In  studpng  the  anatomy  of  a 
plant  like  cotton,  two  principal  classes  of  differences  may  be  taken 
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into  account:  (1)  DifTorences  in  the  characteristics  of  the  component 
l)arts  of  the  plant  and  (2)  differences  in  the  number  or  the  arrange- 
ment of  the  component  parts. 

The  leaves  and  branches  of  the  cotton  plant  have  a  regular  arrange- 
ment in  spirals.  The  normal  arrangement  in  the  Upland,  Sea  Island, 
and  Eg}"])tian  varieties  of  cotton  and  nearly  related  types  is  in  three- 
eighths  spirals.  Old  World  cottons,  on  the  other  hand,  have  the 
leaves  and  branches  in  a  one-third  spiral. 

Hybridization  produces  deviations  from  the  normal  number  of 
spirals  of  the  parent  stocks.  Among  the  Old  World  types  of  cotton, 
hybrids  show  a  tendency  to  produce  plants  with  the  more  com{)li- 
cated  arrangement  of  leaves,  while  among  the  Upland  hybrids  the 
tendency  is  to  arrangements  simpler  than  normal.  Mutative  varia- 
tions may  agree  in  leaf  arrangement  with  the  parent  stock  or  may 
show  different  arrangements. 

The  cotton  plant  has  two  kinds  of  branches,  cUffering  in  arrange- 
ment as  well  as  in  other  characters.  Fruiting  branches  develop  later- 
ally from  extra- axillary  buds  at  the  side  of  the  axillary  buds,  which 
produce  the  limbs.  Extra-axillary  buds  may  develop  into  vegetative 
branches  and  replace  fruiting  branches,  but  no  normal  fruiting 
branches  are  produced  by  axillary  buds. 

The  leaves  of  the  hmbs  and  vegetative  branches  of  the  cotton  plant 
have  the  same  spiral  arrangement  as  those  of  the  main  stem,  though 
the  direction  of  the  spiral  on  the  limbs  and  vegetative  branches  may 
be  opposed  to  that  on  the  main  stalk.  Each  internode  of  the  fruiting 
branch  is  twisted  in  the  opposite  direction  from  the  one  preceding, 
bringing  the  leaves  in  two  alternating  series  along  the  sides  of  the 
branch  and  the  flowers  into  an  upright  position. 

The  involucre  of  the  cotton  flower  is  composed  of  three  bracts,  two 
of  equal  size  and  one  smaller.  The  small  'bract  is  always  on  the  outer 
or  distal  side  of  the  flower,  toward  the  end  of  the  branch.  Two  bract- 
lets  fi'equently  appear  on  either  side  of  the  small  bract  in  United 
States  Upland  varieties,  wliile  in  certain  Central  American  types  a 
complete  series  of  six  is  sometimes  developed,  one  on  either  side  of 
the  three  bracts.  The  teeth  of  the  bracts  when  twisted  follow  the 
same  direction  as  the  overlapping  of  the  petals 

The  calyx  of  the  cotton  flower  has  five  lobes  distinctly  unequal  in 
size,  two  large,  two  small,  and  one  intermediate.  One  of  the  small 
lobes  stands  opposite  the  small  bract  of  the  involucre,  between  two 
large  lobes.  The  arrangement  of  the  other  lobes  varies  in  relation 
to  that  of  other  parts  of  the  flower. 

Small  flaplike  organs  are  often  inserted  between  the  calyx  and  the 
petals,  arranged  in'  alternation  with  the  calyx  lobes.  These  intra- 
cahcary  organs  may  be  considered  as  supernumerary  calyx  lobes  or  as 
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representing  free  stipular  elements  of  the  calyx  lobes.  In  either  case 
they  support  the  view  that  the  calyx  lobes  are  homologous  with  the 
bracts  of  the  outer  involucre.  In  other  words,  the  calyx  of  the  cotton 
plant  may  be  looked  upon  as  an  inner  involucre. 

The  petals  of  the  cotton  flower  are  opposite  the  lobes  of  the  staminal 
column  and  overlap  in  the  same  direction  as  the  stamens  are  bent. 
This  direction  conforms  to  the  twisting  of  the  internode  of  the  branch 
bearing  the  flower  and  is  reversed  in  the  flowers  at  each  succeeding 
node. 

The  stamens  are  arranged  on  the  staminal  column  in  five  vertical 
rows,  about  the  pistil,  opposite  the  petals,  and  turn  in  the  same  direc- 
tion as  the  overlapping  of  the  petals.  The  paired  positions  and  fre- 
quent brandling  of  the  stamens  suggest  the  development  of  the  com- 
pound staminal  column  by  the  subdivision  of  a  few  primitive  stamens. 

There  is  a  persistent  irregularity  in  the  number  of  carpels,  in  the 
flov/ers  and  fruits  of  the  same  plant.  The  range  of  normal  variation 
is  from  two  to  four  carpels  in  the  Egj'ptian  cotton  and  from  three  to 
five  carpels  in  the  Upland  cotton.  Wlien  the  number  is  five,  the 
stigmas  and  carpels  alternate  with  the  petals  and  the  lobes  of  the 
staminal  column. 
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SEEDS  AND  PLANTS  IMPORTED  DURING  THE 
PERIOD  FROM  JULY  1  TO  SEPTEMBER  30,  1910: 
INVENTORY  NO.  24;  NOS.  28325  TO  28880. 


INTRODUCTORY  STATEMENT. 

No  satisfactory  test  can  be  made  of  a  new  plant  to  determine  its 
economic  value  until  many  months,  or  even  years,  have  passed 
since  its  introduction.  To  emphasize  those  included  in  this  inven- 
tory before  they  are  tested  may  therefore  appear  somewhat  prema- 
ture, but  it  seems  w^arranted  for  the  reason  that  while  in  the  printed 
descriptions  new  plants  which  arrive  may  seem  much  alike  and  equally 
interesting,  to  those  who  see  all  the  correspondence  which  has  led  up 
to  their  introduction  some  of  the  new  arrivals  stand  out  as  of  special 
promise. 

Those  interested  in  the  cover-crop  problem  of  the  California  orange 
growers  will  notice  the  importation  of  a  half  ton  of  seed  of  the  Pales- 
tine ku'senneh  (Vicia  ervilia,  No.  28761)  and  500  pounds  of  seed  of 
another  Palestine  legume  (Lathyrus  sativus,  No.  28762),  and  will 
note  also  the  opinion  expressed  by  Mr.  Aaron  Aaronsohn  that  the 
Lathyrus  will  make  a  quicker  growth  in  the  California  orange  or- 
chards than  Vicia  ervilia  and  will  have  an  advantage  over  the  fenu- 
greek that  is  now  used  there  in  that  seed  can  be  obtained  cheaper. 

The  unusual  interest  in  the  mango  in  Florida,  Porto  Rico,  and 
Hawaii  has  made  it  desirable  to  get  the  best  East  Indian  varieties  as 
rapidly  as  possible  to  increase  the  collection,  w^hich  now  numbers  more 
than  a  hundred  sorts.  Some  of  these  are  early  and  others  late  ripen- 
ing sorts;  others  have  unusual  keeping  qualities;  while  still  others  are 
in  the  form  of  seeds  imported  for  the  purpose  of  originating  new 
varieties.  As  pointed  out  by  Mr.  Walter  T.  Swingle  in  his  citrus 
work,  seeds  like  the  mango,  which  are  poly  embryonic,  are  likely  to 
give  rise  through  the  unfertilized  embryos  to  strains  of  the  original 
variety,  which  are  characterized  by  increased  vigor  and  produc- 
tiveness. 

So  much  interest  has  been  aroused  in  the  possibilities  of  the  oriental 
persimmon  through  the  introduction  of  the  Tamopan  variety  and 
the  perfection  by  Mr.  H.  C.  Gore,  of  the  Bureau  of  Chemistry,  of  new 
methods  by  which  the  tannin  can  be  rendered  insoluble  in  a  practical 
way  and  the  fruit  hold  its  firm  texture  that  a  special  search  is  being 
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made  for  all  the  species  of  Diospyros  which  may  in  any  way  be  of 
value  for  breeding  purposes  or  as  a  stock.  Special  interest  may  attach 
to Dios py ros peregrina (y^o.  2^584),  from  Sibpur,  Calcutta,  from  the  fact 
that  the  expressed  juice  when  boiled  with  powdered  charcoal  is  used  on 
a  large  scale  for  paying  the  bottoms  of  boats  and  that  an  excellent 
glue  is  made  from  the  juice  by  the  natives  of  the  Malabar  coast. 
Diospyros  montana  cordifolia  (Xo.  28684),  a  tree  which  is  found  from 
the  Himalayas  to  Australia  and  which  bears  small  fruits  the  size  of 
cherries,  and  Diospyros  microcarpa  from  Australia  (Xo.  28343)  have 
also  been  secured. 

Two  strains  of  maize  from  the  Kalahari  Desert  region  of  South 
Africa  (Xos.  28614  and  28615)  and  a  form  from  Zomba,  X^yasaland 
Protectorate  (Xo.  28661),  may  interest  the  corn  breeders. 

Dr.  A.  Weberbauer,  whose  collections  in  the  Peruvian  Andes  are 
well  knowm,  has  sent  two  wild  forms  of  Solanum  from  the  region 
about  Lima.  One,  which  he  believes  to  be  Solanum  maglia,  is  from 
the  cool,  cloudy  Loma  region  and  the  other  from  the  same  vegeta- 
tion zone  is  an  undetermined  form  (Xos.  28656  and  28657). 

Western  China  is  known  to  have  many  wild  species  of  Rubus, 
some  of  which  are  reported  to  bear  fruit  of  unusual  excellence.  The 
vigor  of  the  Chinese  brambles  and  the  early-ripening  habit  of  certain 
of  those  already  introduced  have  attracted  the  attention  of  plant 
breeders  in  this  field,  and  the  introduction  of  a  species  from  the  top 
of  Mount  Omei,  on  the  Upper  Yangtze,  described  by  the  sender. 
Dr.  Edgar  T.  Shields,  of  Yachow,  as  "a  delicious  large  yellow  rasp- 
berry^" can  scarcely  fail  to  attract  their  attention. 

Two  of  the  best  fruits  of  the  IMalay  Archipelago  are  the  ram- 
boetan  and  the  kapoelasan,  species  of  X'^ephelium.  A  Wardian-case 
shipment  has  been  made  from  Java,  containing  tlu'ee  varieties  of 
the  latter  (Xos.  28332  to  28334)  and  seven  varieties  of  the  former 
(Xos.  28335  to  28341),  and  an  attempt  will  be  made  to  propagate 
these  on  various  stocks  for  distribution  in  Porto  Rico,  Haw-aii,  and 
the  Panama  Canal  Zone. 

Dr.  L.  Trabut,  the  veteran  experimenter  of  Algiers,  has  sent  in  seeds 
of  the  remarkably  alkali-resistant  grass  Festuca  fenas  (Xo.  28355) 
from  the  Shott  Khreida. 

A  (collection  of  medicagos  and  trifoliums  from  Beirut,  Turkey, 
containing  six  species  (Xos.  28788  to  28793)  will  be  of  use  to  those 
breeding  these  leguminous  plants. 

The  khat  plant  of  Yemen,  on  the  w^est  coast  of  Arabia,  has  been 
in  cultivation  for  generations.  Its  fresh  leaves  are  chewed  by  the 
Arabs  almost  universally  in  that  region.  To  them  life  and  hard 
work  would  be  unendurable  without  khat,  and  every  coolie,  even  the 
poorest,  buys  the  leaf.     The  plant  yields  a  marketable  crop  the  sec- 
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ond  year,  is  grown  from  cuttings,  and  is  considered  one  of  the  most 
valuable  cultures  of  the  country.  Plants  have  been  secured  and  are 
now  growing  both  from  the  Edinburgh  Botanic  Gardens  and  also 
direct  from  Aden,  Ara])ia,  through  Mr.  C  K,  Moser,  the  American 
consul,  who  has  furnished  an  interesting  report  on  the  industry.  It 
is  quite  probable  that  this  plant  will  grow  in  our  southwestern 
country,  but  until  the  chemists  and  animal  physiologists  have  closely 
examined  the  action  of  the  alkaloid  it  contains,  it  will  not  be  distri- 
buted to  experimenters. 

Picea  hreweriana  of  Oregon  and  California,  which  because  of  its 
appearance  may  be  called  the  veiled  spruce,  is  one  of  the  rarest  of 
all  the  spruces,  and  the  seeds,  though  sought  after  many  times,  have 
so  rarely  been  obtained  that  the  distribution  of  more  than  a  pound 
of  fresh  seed,  received  from  JVIiss  Alice  Eastwood,  is  of  unusual 
interest. 

The  nomenclature  in  this  inventory  and  the  notes  on  geographical 
distribution  have  been  prepared  in  the  Office  of  Taxonomic  and 
Range  Investigations  by  Mr.  H.  C.  Skeels,  under  the  direction  of 
Mr.  Frederick  V.  Coville.  The  inventory  was  prepared  by  Miss 
Mary  A.  Austin,  of  tliis  office. 

David  Fairchild, 
Agricultural  Explorer  in  Charge. 

Office  of  Foreign  Seed  and  Plant  Introduction, 

Washington,  D.  C,  Apiil  21^,  1911. 
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28325  and  28326.     Agave  spp.  Zapupe. 

From  Tampico,  Mexico.     Purchased  from  Mr.  Mordelo  L.  Vincent.     Received 
July  5,  1910. 
Suckers  of  the  following: 

28325.  Agave  lespinassei  Trelease. 

Vincent.  "A  fiber-producing  agave,  similar  in  appearance  to  sisal,  with 
leaves  4  to  5  feet  long,  light  green,  armed  with  reddish  marginal  spines.  Yields 
its  first  crop  of  leaves  for  fiber  three  to  five  years  after  planting  and  annual  or 
semiannual  crops  thereafter  for  three  to  five  years.  The  fiber  is  of  the  same 
class  as  the  sisal  of  commerce,  but  is  finer  and  more  flexible. 

"This  variety,  developed  on  the  island  of  Juana  Ramirez,  is  regarded  as  one 
of  the  best  of  the  half-dozen  different  kinds  of  zapupe  cultivated  in  that  region. 
It  can  be  cultivated  successfully  only  in  places  free  from  severe  frost  in  winter. " 
{Lyster  II.  Dewey.) 

28326.  Agave  zapupe  Trelease. 

Estopier.  "A  fiber-producing  agave,  similar  in  appearance  to  the  henequen 
cultivated  in  Yucatan,  but  with  more  slender  leaves.  The  leaves  are  4  to  5  feet 
long,  glaucous,  and  with  dark -reddish  marginal  spines.  The  first  crop  of  leaves 
may  be  cut  three  to  five  years  after  planting  and  annually  or  semiannually 
thereafter  for  three  to  five  years,  when  the  plant  will  send  up  a  flower  stalk 
bearing  bulbils  and  then  die.  It  may  be  propagated  by  both  bulbils  and  suck- 
ers. The  fiber  is  similar  to  sisal  and  may  be  used  for  the  same  purposes,  viz, 
binder  twine  and  other  hard-fiber  twines. 

"Cultivated  most  extensively  in  the  vicinity  of  Tuxpam,  Vera  Cruz,  Mexico, 
where  it  is  called' zapupeazul '  because  of  its  bluish  leaves.  The  variety  Estopier 
has  been  improved  somewhat  by  cultivation.  Like  all  of  the  agaves  cultivated 
for  the  production  of  fiber,  it  requires  a  climate  practically  free  from  frost." 
{Lyster  H.  Devjey.) 

28327.  Catha  edulis  Forsk.  Khat. 

From  Edinburgh,  Scotland.     Presented  by  the  regius  keeper.  Royal  Botanic 
Garden.     Received  July  5,  1910. 
Plants.     See  No.  24714  for  previous  introduction,  and  No.  28825  for  description. 

28328  to  28330. 

From  Kandawglay,  Rangoon,  Burma,  India.     Presented  by  the  secretary  of  the 
Agri-Horticultural  Society  of  Burma.     Received  July  2,  1910. 
Seeds  of  the  following: 

28328.     Phyllanthus  emblica  L.  Emblic  mjrrobalan. 

See  No.  25724  for  description. 
283£9.    Terminalia  BELLERicA  (Gaertn.)  Roxb.  Belleric  myi-obalan. 

See  No.  25541  for  description. 
28330.    Terminalia  CHEBULA  Retz.  Black myrobalan. 

See  No.  25542  for  description. 
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28331.     Andropogon  squarrosus  L.  f.  Cuscus  grass. 

From  Peradeniya,  Ceylon.  Presented  by  Mr.  M.  Kelway  Bamber,  government 
chemist.     Received  July  2,  1910. 

Clumps. 

"This  plant  grows  in  large  dense  tufts,  with  stout,  spongy,  aromatic  roots,  which  are 
sparingly  branched.  It  is  grown  to  a  considerable  extent  in  the  hills  of  Jamaica  for 
the  purpose  principally  of  binding  loose  soils  and  forming  embankments  on  steep  hill- 
sides to  prevent  washing  by  rains. 

"In  India  the  roots  are  used  in  making  aromatic-scented  mats,  and  also  fans,  baskets, 
and  other  articles.  The  roots  also  when  distilled  with  water  yield  a  fragrant  oil  which 
is  used  as  a  perfume.  Used  also  as  medicine  in  case  of  fever  and  bilious  complaints." 
{Extract  from  Botanical  Department  of  Jamaica  Bulletin  B.  S.  vol.  7, 1900,  pp.  15:^-153.) 

Distribution. —Throughout  the  plains  and  lower  hills  of  India  and  Burma,  rising  to 
an  elevation  of  4,000  feet,  and  in  Ceylon  and  Java,  and  tropical  Africa. 

28332  to  28341.     Nephelium  spp. 

From  Buitenzorg,  Java.     Presented  by  the  Director  of  Agriculture.     Received 
July  2,  1910. 
Plants  of  the  following;  notes  by  Mr.  F.  \V.  J.  Westendorp  in  " Teysmannia, "  1910: 
28332  to  28334.     Nephelium  mutabile  B1.  Kapoelasan. 

28334.  Si   babat.     "Dark    colored,  almost  black;  not  so  common  as 
some  other  varieties." 

28335  to  28341.     Nephelium  lappaceum  L.  Ramboetan. 

28335.  Atjeh  lebak  boeloes.     "This  variety,  a  ramboetan  of  the  second 
rank,  is  handled  in  large  quantities." 

28336.  Atjeh  goela  batoe.     "A  variety  of  the  first  class,  but  can  not 
be  obtained  in  large  quantities." 

28337.  Atjeh  tanglcoeiveh. 

28338.  Atjeh  si  honto.     The  same  remarks  apply  to  this  as  to  No. 
28335. 

28339.  Atjeh  lengheng.  28340.     Si  njonja. 

28341.     A tjeh  matjan. 

"The  two  preceding  ramboetans  are  of  the  first  class  and  are  the  best 
commercial  varieties." 

For  a  general  note  on  these  fruits,  see  Nos.  25163  and  25165. 

28342.     CoMBRETUM  APicuLATUM  Sonder. 

From   Komati  Poort,   Transvaal,  South  Africa.     Presented   by   Prof.   J.    Burtt 
Davy,  government  agrostologist  and  botanist,  Transvaal  Department  of  Agri- 
culture, Pretoria.     Received  July  5,  1910. 
"Seed  collected  by  me  at  an  altitude  of  600  feet.     The  climate  is  almost  tropical 
and  free  from  frost,  the  tamarind  being  grown  there.     I  am  not  aware  that  this  Com- 
bretum  has  any  economic  value  beyond  the  fact  that  it  is  ornamental;  it  would  be  of 
interest  in  a  tree  collection  in  Florida,  Louisiana,  or  southern  California."     (Davy.) 

Distribution. — In  the  woods  in  the  vicinity  of  Magaliesberg,  in  the  Transvaal  region 
of  South  Africa. 
223 


JULY  1   TO   SEPTEIMBEE   30,   1910.  13 

28343.  DiosPYRos  microcarpa  (Jacq.)  Giirke. 

From  Sydney,  New  South  Wales.  Presented  by  Prof.  J.  H.  Maiden,  director 
and  government  botanist,  Botanic  Gardens.  Received  July  6,  1910. 
"A  large  slirub  or  tree  20  to  40  or  even  100  feet  high;  trunk  sometimes  2  feet  in 
diameter.  Leaves  oblong  or  oval,  alternate,  palish  green,  especially  beneath.  Flow- 
ers dioecious,  tetramerous  (or  rarely  trimerous).  Fruit  globular  or  ovoid,  ^  to  §  inch 
thick,  fuscous  and  glabrescent  when  ripe;  edible;  ultimately  one-celled  and  one- 
seeded.  Slender-growing  tree  with  elongated  trunk  and  elegant,  rigid  foliage.  Wood 
close,  very  tough  and  firm."  {Extract  frovi  Hiern's  Monograph  o/Ebenacex,  in  Trans- 
actions of  the  Cambridge  Philosophical  Society,  vol.  12,  p.  246.) 

Distribution. — In  the  forest  region  along  the  coast  in  New  South  Wales  and  Queens- 
land, Australia. 

28344.  Crotalaria  candicans  Wight  and  Arnott. 

From  Poena,  Bombay,  India.     Presented  by  Mr.  P.  S.  Kanetkar,  superintendent, 
Empress  Botanical  Gardens.     Received  July  9,  1910. 

"This  crop  is  used  for  green  manm-ing  in  the  Madras  Presidency.  Out  of  that 
presidency  it  is  not  known."     (KanetJcar.) 

"A  copiously  branched  undershrub,  attaining  4  feet  in  height,  with  short-petioled 
leaves  and  panicles  of  bright-yellow  flowers,  produced  in  great  profusion  at  the 
beginning  of  January.  It  thrives  in  any  fair  garden  soil  and  is  propagated  by  seed." 
{Extract  from  Woodrow^s  Gardening  in  India,  p.  277.) 

Introduced  for  experimental  growing  as  a  cover  crop,  for  breeding  purposes,  and 
as  an  ornamental  in  our  Southern  States. 

Distribution. — Slopes  of  the  Nilgu-i  and  Madura  Hills,  in  the  southern  part  of  India. 

28345.  ViciA  FAB  A  L.  Horse  bean. 

From  Dongola  Province,  Egypt.     Presented  by  Mr.  S.  E.  Durant,  inspector  of 

agriculture,  at  the  request  of  the  Director  of  Agricultme  and  Lands,  Sudan 

Government,  Khartum.     Received  July  7,  1910. 

"This  grain  is  never  used  for  stock  feed,  but  it  is  ground  into  flour  and  mixed  with 

wheat  flour,  then  baked  into  bread.     The  straw  is  fed  to  stock,  the  only  preparation 

being  that  the  grain  is  first  thrashed  out  by  hand.     The  natives  do  not  consider  that 

bean  straw  forms  such  a  valuable  fodder  as  that  of  wheat."     (Durant.) 

28346  to  28350.     Oryza  sativa  L.  Rice. 

From  Philippine  Islands.     Received  through  Mr,  WllUam  S.  Lyon,  Manila, 
July  1,  1910. 

Seeds  of  the  following;  native  names  and  notes  as  given  by  Mr.  Lyon: 

28346.  Inaplaya.    Matures  in  4J  months. 

28347.  Inita.     One  of  the  earliest;  often  matures  in  100  days. 

28348.  Dinalaga.     Late;  matures  in  4  to  4J  months. 

28349.  Minalit.     Very  late;  matures  in  5  or  more  months. 

28350.  Pimling-berto.    Medium;  matures  in  4  to  4J  months. 

28351.     DiosPYRos  discolor  Willd.  Mabola. 

From  Buitenzorg,  Java.     Presented  by  the  Director  of  Agriculture.     Received 
July  14,  1910. 

Seeds.     See  No.  26112  for  description. 
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28352.  DiosPYROs  sp. 

From  Baroda,  Madras  Presidency,  India.     Presented  by  Mr.  B.  S.  Cavanaugh, 
superintendent,  State  Gardens.     Received  July  14,  1910. 

Seeds. 

28353.  Passiflora  edulis  Sims.  Passion  flower. 

From  Madras  Presidency,  India.     Presented  by  Mr.  P.  S.  Kanetkar,  superin- 
tendent. Empress  Botanical  Gardens,  Poona,  Bombay,  India.     Received  Jiily 
14,  1910. 
"Edible  passion  frmt  grown  for  culinary  purposes."     (Kanetkar.) 

28354.  Terminalia  chebula  Retz.  Black  myrobalan. 

From  Baroda,  India.     Presented  by  Mr.  B.  S.  Cavanaugh,  superintendent.  State 
Gardens.     Received  July  5,  1910. 
See  No.  25542  for  description. 

28355  and  28356. 

From  Algeria.     Presented  by  Dr.  L.  Trabut,  Algiers.     Received  July  5  and  11, 
1910. 
Seeds  of  the  following;  notes  by  Dr.  Trabut: 

28355.  Festuca  fenas  Lagasca. 

"Grows  in  the  very  alkaline  regions  of  Shott  Khreida.  This  grass  has  a  very 
remarkable  resistance  to  alkalinity." 

Distribution. — Southwestern  Europe,  extending  from  central  Spain  and 
southern  France  eastward  to  Croatia. 

28356.  ViciA  FABA  L.  Horse  bean. 
"Grows  wild  on  the  plateau  of  Sersou,  Algeria." 

28357.  Melilotus  segetalis  (Bret.)  Ser. 

From  Maison  Carree,  Algeria.  Presented  by  the  Botanic  Garden.  Received 
July  5,  1910. 
"This  is  a  small,  sparsely  leaved  annual  melilot,  native  of  Mediterranean  Eiirope 
and  Africa.  It  was  originally  described  from  Portugal.  In  former  testa  carried  on 
by  the  Office  of  Forage-CrQp  Investigations  of  the  Bureau  of  Plant  Industry  it  has 
attained  a  height  of  only  10  to  15  inches  and  its  small  growth  makes  it  of  doubtful 
value  for  the  United  States.  This  melilot  has  been  received  previously  under 
S.  P.  I.  Nos.  17003  and  27473."     (H.  N.  Vinall.) 

28358.  Crotalaria  candicans  Wight  and  Arnott. 

From  Sibpur,  Calcutta,  India.     Presented  by  Maj.  A.  T.  Gage,  superintendent, 
Royal  Botanic  Garden.     Received  July  14,  1910.     • 
See  No.  28344  for  description. 

28359.  Medic  AGO  sativa  L.  Alfalfa. 

From  Ecuador.     Procured  by  Mr.  Herman  R.  Dietrich,  consul  general,  Guaya- 
quil.   Received  July  14,  1910. 
Guaranda. 
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28360  to  28363. 


From  Port  Louis,  Mauritius.  Presented  by  Mr.  G.  Regnard.  Received  July  7, 
1910. 

Seedn  of  the  following;  notes  by  Mr.  Regnard: 

28360.     Erythroxylon  lauripolium  Lam.  "Mauritius  torchwood." 

Distribution. — A  branching  shrub   common  in   the  woods  in  the  islands  of 
Mauritius  and  Reunion  and  the  Seychelles. 

28361  and  28362.     (Undetermined.)     (Liliacege.) 

28361.     "Blue  fruited."  28362.     "White  fruited." 

28363.     (Undetermined.) 

"Forest  tree  bearing  scarlet  berries." 

28364.  GossYPiuM  sp.  Cotton. 

From  Honduras.  Presented  by  Mr.  F.  S.  Chaffee,  Trujillo,  Honduras.  Received 
July  8,  1910. 

"This  is  supposed  to  be  wild  cotton  from  the  Aguan  River,  25  miles  east  of  here 
(Trujillo).  I  found  it  three  years  ago  while  hunting  in  that  vicinity.  At  that  time  it 
was  a  tree  some  8  or  9  inches  in  diameter  and  25  or  30  feet  high  and  full  of  bloom.  It 
stood  out  in  the  middle  of  a  savannah  in  a  sand  and  gravel  soil  with  no  other  trees 
around  it  and  fully  a  mile  from  any  house.  No  one  in  that  vicinity  has  any  knowledge 
of  its  origin  or  how  long  it  has  been  there;  but  last  fall  it  was  bm-ned  down  by  a  savan- 
nah fire.  These  bolls  were  taken  from  the  sprouts  that  have  come  up  from  the  roots. 
There  are  also  two  or  three  other  trees  about  a  mile  apart  located  in  the  heavy  forest. " 
(Chaffee.) 

28365.  Triticum  aestivum  L.  Wheat. 

From  near  the  shore  of  Lake  Van,  a  few  miles  from  Bitlis,  Turkey  in  Asia. 
Presented  by  Mr.  Hamilton  King,  American  minister  to  Siam,  who  procm-ed 
it  from  Miss  A.  C.  Ely.     Received  July  12,  1910. 

"This  is  sown  in  drills  and  does  not  need  to  be  irrigated.  The  soil  is  sandy,  mixed 
with  volcanic  ashes,  and  probably  some  moisture  percolates  from  the  near-by  lake. 
This  is  a  rather  inferior  sample. "     {Ely.) 

28367  and  28368. 

From  Marash,  Turkey.  Purchased  from  Mr.  Paul  N.  Nersessian.  Received  July 
16,  1910. 

Seeds  of  the  following;  notes  by  Mr.  Nersessian: 

28367.  Lathyrus  sativus  L. 

"Agh  jilban  (white  jilban).     For  cultivation,  soil,  and  time  and  manner  of 
sowing,  see  No.  28368." 

28368.  ViciA  ERViLiA  (L.)  Willd.  Bitter  vetch. 
"Koushne:     They  do  not  cultivate  these  plants  for  green  manuring  but  only 

for  seeds  which  they  use  for  cattle  feed.  The  seed  is  sown  here  from  about  the 
middle  of  September  until  near  the  end  of  November.  It  sprouts  or  stools 
some  in  the  fall  and  remains  that  way  during  the  winter.  In  the  spring  it  sprouts 
more,  covers  the  ground  perfectly,  grows  about  a  foot  high,  and  is  ripe  enough  to 
harvest  in  these  days  (about  June  1?).  Usually  it  is  sown  on  poor  or  exhausted 
fields  from  which  a  good  crop  of  grain  can  not  be  expected.  Of  course  it  does 
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28367  to  28368— Continued. 

better  in  richer  gi'ovmd  and  especially  in  ground  where  potash  predominates. 
The  usual  practice  in  sowing  it  around  here  is  to  irrigate  the  grain  stubble 
field  if  there  has  not  been  rain  enough,  to  sow  nearly  a  bushel  of  seed  to  an  acre 
right  on  the  stubble  and  just  cover  the  seeds  with  the  old  native  plow,  and  then 
drag  a  pole  over  the  field  to  smooth  it  somewhat,  which  of  course  helps  the 
seeds  to  come  up  more  evenly  and  also  decreases  the  surface  evaporation.  It 
is  sown  broadcast.  It  likes  the  ground  well  drained,  either  naturally  or  arti- 
ficially, and  the  earlier  it  is  sown  the  better  it  is,  within  the  time  mentioned." 

28369.  Bambos  arundinacea  Retz.  Bamboo. 

From  Sibpur,  Calcutta,  India.     Purchased  from  MaJ.  A.  T.  Gage,  superintendent, 
Royal  Botanic  Garden.     Received  July  16,  1910. 

"This  bamboo  does  not  spread  rapidly  and  it  is  seldom  necessary  to  keep  the  plant 
in  check.  It  never  becomes  a  troublesome  weed,  and  it  can  be  extirpated  without 
difficulty,  if  desired.  "     (Gage.) 

See  No.  21317  for  further  description. 

28370.  PiCEA  BREWERiANA  S.  WatsoH.  Veiled  spruce. 

From  near  Kerbyville,  which  is  reached  by  stage  from  Grants  Pass,  Oreg.     Col- 
lected by  Mrs.  A.  J.  Adams;  purchased  from  Miss  Alice  Eastwood,  Gray  Her- 
barium, Harvard  University,  Cambridge,  Mass.     Received  July,  1910. 
"This  is  one  of  the  rarest  and  most  unique  of  all  the  spruces.     It  grows  only  on  the 
summit  of  the  Siskiyou  Mountains  of  northern  California  and  southern  Oregon.     I 
saw  some  small  trees  on  Canyon  Creek  in  Trinity  County  and  I  should  call  the  tree  the 
veiled  spruce  rather  than  the  weeping  spruce.     It  grows  to  quite  a  height,  70  or  80 
feet,  and  with  a  diameter  of  1  to  2  feet.     The  drooping  branches  are  clothed  with  long 
pendent,  slender  branchlets.     The  tree  is  delicate  and  graceful  in  outline,- but  not 
funereal  or  sad.     The  cones  resemble  those  of  the  Norway  spruce. "     (Eastwood.) 

Distribution. — Dry  mountain  ridges  and  peaks  near  the  timber  line  on  both  slopes  of 
the  Siskiyou  ]\Iountains  on  the  boundary  between  California  and  Oregon  at  an  eleva- 
tion of  7,000  feet,  and  on  the  Oregon  coast  ranges  at  the  headwaters  of  the  Illinois 
River,  at  an  elevation  of  4,000  to  5,000  feet. 

28371  to  28531. 

The  following  material  presented  by  Dr.  "Walter  Van  Fleet  to  the  Plant  Introduc- 
tion Garden,  Chico,  Cal.     Numbered  July,  1910.     Notes  by  Dr.  Van  Fleet. 
A  collection  made  by  Dr.  Van  Fleet,  at  Little  Silver,  N.  J.,  and  selected  by  him 
out  of  many  thousands  as  especially  valuable  for  breeding  purposes  in  the  various 
groups  represented.     Many  of  them  are  his  own  hybrids  or  crosses.     The  technical 
descriptions  of  the  various  species  have  been  omitted  for  the  sake  of  brevity. 
28371.    Albizzia  julibrissin  Bovin. 

(P.  I.  G.  No.  64G0.)  "Seedlings  from  a  tree  20  feet  high  growing  in  Monmouth 
County,  N.  J.,  little  injured  by  winter  temperatures  as  low  as  —12°  F.  Evi- 
dently a  hardy  type. " 

Distribution. — ^lountains  of  northern  Persia,   India,   northern  China,  and 
Japan;  cultivated  as  an  ornamental  tree  in  Asia,  southern  Europe,  northern 
Africa,  and  the  United  States. 
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28371  and  28531— Continued. 

28372.  Antholyza  sp. 

(P.  I.  G.  No.  (5225.)  "Received  from  Natal,  South  Africa,  as  Gladiolus  sp., 
possibly  Antholyza  paniculata. " 

28373.  Aquilegia  oxysepala  X  canadensis. 

(P.  I.  G.  No.  6222.)  "A  hardy  and  long-lived  hybrid,  dwarf  and  early  bloom- 
ing; flowers  wine  red  and  white. " 

28374.  Zantedeschia  elliottiana  X  pentlandii. 

(P.  I.  G.  No.  6534.)     "A  weak-growing  hybrid;  spathes  pure  golden  yellow." 

28375.  Zantedeschia  rehmanni  X  pentlandii. 

(P.  I.  G.  No.  6533.)  "Vigorous  hybrids  with  lanceolate,  spotted  foliage; 
spathes  pale  yellow  or  white,  overlaid  with  purple  and  rose  shadings. " 

28376.  Zantedeschia  rehmanni  X  pentlandii. 
(P.  I.  G.  No.  6299.) 

28377.  Azalea  nudiflora  X  sinensis. 

(P.  I.  G.  No.  6442.)  "Vigorous  hybrids  with  profuse  cream,  rose  and  salmon 
colored  blooms. 

28378.  X  Berberis  stenophylla  Lindl. 

(P.  I.  G.  No.  6493.)     "A  very  ornamental  evergreen  variety." 

28379.  Berberis  thunbergii  X  vulgaris. 
(P.  1.  G.  No.  6302.) 

28380.  Berberis  thunbergii  X  vulgaris. 

(P.  I.  G.  No.  6494.)     "Third -generation  plants  from  original  hybridization." 

28381.  Castanea  pumila  X  sativa. 

(P.  I.  G.  No.  6227.)  This  introduction  had  previously  been  assigned  No. 
26233,  so  the  number  28381  will  be  discarded  and  26233  used. 

28382.  Celastrus  ar-eiculatus  Thunb. 

(P.  I.  G.  No.  6425.)  Distribution. — In  the  provinces  of  Chihli,  Shantung, 
Kiangsu,  Kiangsi,  Hupeh,  and  Kwangtung  in  China,  in  Chosen  and  the  Korean 
and  Nansei  archipelagoes,  and  in  the  vicinities  of  Kiushu,  Nagasaki,  Yoko- 
suka,  Shimoda,  and  Hakodate  in  Japan. 

28383.  Citrus  trifoliata  L. 

(P.  1.  G.  No.  6447.)  "Taken  from  a  tree  growing  in  Monmouth  County, 
N.  J.     lias  endured  —8°  F.  without  injury." 

28384.  Deutzia  scabra  X  discolor. 

(P.  I.  G.  No.  6549.)     "One-year  seedlings." 

28385.  Fragaria  filipendula  Hemsl.  (?) 
(P.  I.  G.  No.  6566.) 

28386.  Fragaria  indica  Andrews. 
(P.  I.  G.  No.  6567.) 

28387.  Fragaria  moschata  Duchesne.  (?) 
(P.  I.  G.  No.  6573.) 

28388.  Fragaria  sp. 

(P.  I.  G.  No.  6568.)     Alfonso  X  filipendula. 

28389.  Fragaria  sp. 

(P.  I.  G.  No.  6219.)     Alfonso  XIII  X  President. 

100939°— Bui.  223—11 2 
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28371  to  28531— Continued. 

28390  to  28396.     Freesia  refracta  (Jacq.)  Klatt. 

28390.  (P.  I.  G.  No.  6211).     "  X  Freesia  arbutus  {F.  leichtlinii  X  arm- 
stro7igi)." 

"An    undisseminated    hybrid;  has   large,    sweet-scented,    rosy   lilac 
blooms,  disposed  in  a  conspicuous  2-ranked  scape." 

28391.  (P.  I.  G.  No.  6414.)     " F.  armstrongi  X  commercial  Refracta 
alba." 

28392.  (P.  I.  G.  No.  6385.)     "F.  armstrongi  X  Purity  {Refracta  alba)." 

28393.  (P.  I.  G.  No.  6224.)     "F.  aurea  X  {chapmani  X  armstrongi)." 

28394.  (P.  I.  G.  No.  6450.)     "F.  chapmani  (F.  aurea  X  refracta)." 
"  The  finest  yellow-flowered  Freesia;  raised  in  England." 

28395.  (P.  I.  G.  No.  6196.)     " F.  refracta  X  armstrongi  (selected)." 

28396.  (P.  I.  G.  No.  6213.)     "F.  refracta  X  armstrongi  (good  variety)." 

28397.  Gerbera  jamesoni  Bolus. 

(P.  I.  G.  No.  6461.)     See  No.  25513  for  description. 

28398.  Gladiolus  alatus  L. 

(P.  I.  G.  No.  6206.)     Distribution. — The   southwestern  provinces  of  Cape 
Colony  and  in  Namaqualand,  South  Africa. 

28399.  Gladiolus  alatus  X  cardinalis. 
(P.  I.  G.  No.  6215.) 

28400.  Gladiolus  alatus  X  colvillii  (Delicatissima). 
(P.  I.  G.  No.  6378.) 

28401   to  28429.     "Various  undisseminated  hybrid  gladioli  and  parent 
species." 

28401.    Gladiolus  alatus  X  primulinus. 
(P.  I.  G.  No.  6536.) 
.  28402.    Gladiolus  alatus  X  primulinus  (Goldbug). 
(P.  I.  G.  No.  6535.) 

28403.  Gladiolus  alatus  X  tristis. 
(P.  I.  G.  No.  6208.)     "Green  flowered." 

28404.  Gladiolus  byzantinus  Miller. 

(P.  I.  G.  No.  6207.)     Variety  aZ6tis.     Distribution. — The  countries  bor- 
dering on  the  Mediterranean  Sea. 

28405.  Gladiolus  byzantinus  {alhus)  X  primulinus. 
(P.  I.  G.  No.  6199.) 

28407.  Gladiolus  caedinalis  Curtis. 
(P.  I.  G.  No.  6214.)     Queen  Wilhelmina. 

28408.  Gladiolus  cardinalis  X  grandis. 
(P.  I.  G.  No.  6203.) 

28409.  Gladiolus  cardinalis  X  primulinus. 
(P.  I.  G.  No.  6386.) 

28410.  Gladiolus  colvillu  (Bricfe)  X  purpureo-auratus  {Klondike). 
(P.  I.  G.  No.  6201.) 
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28371  to  28531— Continued. 

28401  to  28429— Continued. 

28411.  Gladiolus  cruentus  Moore. 

(P.  I.  G.  No.  6524.)  Distribution. — Known  only  from  Natal  on  the 
east  coast  of  South  Africa. 

28412.  Gladiolus  cruentus  X  a  selected  dark-red  seedling. 
(P.  I.  G.  No.  6528.) 

28413.  Gladiolus  gbandis  X  alatus. 
(P.  I.  G.  No.  6198.) 

28414.  Gladiolus  grandis  X  primulinus. 
(P.  I.  G.  No.  6200.) 

28415.  Gladiolus  papilio  X  "Predoits." 
(P.  I.  G.  No.  6529.) 

28416.  Gladiolus  primulinus  X  "Goldbug." 
(P.  I.  G.  No.  5527.) 

28417.  Gladiolus  primulinus  X  grandis. 
(P.  I.  G.  No.  6537.) 

28418.  Gladiolus  sp.  (No.  74)  X  primulinus. 
(P.  I.  G.  No.  6384.) 

28419.  Gladiolus  psittacinus  X  "  Very  Odd." 
(P.  I.  G.  No.  6530.) 

28420.  Gladiolus    purpureo-auratus    (Klondike)    X    cardinalis 
(Delicatissima) . 

(P.  I.  G.  No.  6538.) 

28421.  Gladiolus  quartinianus  A.  Rich. 

(P.  I.  G.  No.  6526.)  Distribution. — Mountains  of  tropical  Africa  from 
Abyssinia  southward  to  Zambesia,  Matabel eland,  and  Angola,  rising  to 
an  elevation  of  8,000  feet  in  Kassailand. 

28422.  Gladiolus  quartinianus  X  (?)• 

(P.  I.  G.  No.  6531.)  ' 

28423.  Gladiolus  ramosus  (Ne  plus  ultra)  X  colvillii  (Express). 
(P.  I.  G.  No.  6379.) 

28424.  Gladiolus  salmoneus  Baker. 

(P.  I.  G.  No.  6525.)    Distribution. — Occurs  at  an  elevation  of  4,800 
feet  on  the  mountain  slopes  in  the  vicinity  of  Kokstad,  in  Griqualand 
eastern  part  of  Cape  Colony. 

28425.  Gladiolus  salmoneus  X  quartinianus. 
(P.  I.  G.  No.  6204.) 

28426.  Gladiolus  tristis  X  colvillii. 
(P.  I.  G.  No.  6377.) 

28427.  Gladiolus  tristis  X  vittatus. 
(P.  I.  G.  No.  6451.) 

28428.  Gladiolus  vittatus  X  primulinus. 
(P.  I.  G.  No.  6197.) 

28429.  Gladiolus  watsonius  X  grandis. 
(P.  I.  G.  No.  6202.) 
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28371  to  28531— Continued. 

28430.  Hibiscus  syriacus  L. 

(P.  I.  G.  No.  6546.)     "A  single-flowered,  pure  white  seedling." 

28431.  Hemerocallis  aurantiaca  (major)  X  citrina. 
(P.  I.  G.  No.  6519.) 

28432.  Hemerocallis  magnifica  Hort. 
(P.  I.  G.  No.  6300.) 

28433.  Hemerocallis  magnifica  X  florham. 
(P.  I.  G.  No.  6298.) 

28434.  Hippeastrum  rutilum  X  vittatum. 

(P.  I.  G.  No.  6423.)  "Fine,  red-flowered  varieties,  blooming  when  foliage ia 
fully  developed." 

28435.  Hippeastrum  vittatum  X  (?)• 
(P.  I.  G.  No.  6413.) 

28436.  Iris  atropurpurea  atrofusca  Baker. 
(P.  I.  G.  No.  6397.) 

28437.  Iris  atropurpurea  Baker. 

(P.  I.  G.  No.  6458.)     Distribution. — Imported  from  Syria. 

28438.  Iris  bartoni  Foster. 

(P.  I.  G.  No.  6469.)  Distribution. — The  vicinity  of  Kandahar  in  the  south- 
em  part  of  Afghanistan. 

28439.  Iris  bismarckla.na  Baker. 

(P.  I.  G.  No.  6402.)  Distribution. — The  province  of  Lebanon,  on  the  coast  of 
the  Mediterranean  Sea,  in  Asiatic  Turkey. 

28440.  Iris  cristata  Soland. 

(P.  I.  G.  No.  6459.)  Distribution. — Rich  woods  from  Maryland  to  Georgia 
and  westward  to  Ohio,  Indiana,  and  Missouri. 

28441.  Iris  delavayi  X  sibirica. 
(P.  I.  G.  6517.) 

28442.  Iris  fulva  Ker. 

(P.  I.  G.  No.  6516.)    "A  very  large-flowered  copper  iris,  bred  by  selection 
from  the  wild  plant." 
Distribution. — In  swamps  from  Kentucky  and  Illinois  southward  to  Missouri. 

28443.  Iris  gracillpes  A.  Gray. 

(P.  I.  G.  No.  6466.)  Distribution. — In  damp  meadows  in  Nambu  and  in 
the  vicinity  of  Hakodate  on  the  island  of  Hokushu  ( Yezo),  Japan. 

28444.  Iris  grant-duffii  Baker. 

(P.  I.  G.  No.  6523.)  Distribution. — Along  the  banks  of  the  River  Kishon  in 
Palestine. 

28445.  Iris  helenae  Barbey. 

(P.  I.  G.  No.  6396.)  Distribution.— In  the  vicinities  of  El  Arish,  Ouadi-el- 
Gradi,  Ouadi-Cheriah,  and  Nachel  Aboukeila,  in  the  desert  between  Egypt  and 
Palestine. 

28446.  Iris  hexagona  X  missouriensis. 
(P.  I.  G.  No.  6463.) 
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28371  to  28531— Continued. 

28447.  Iris  himalaica  Hort. 

(P.  I.  G.  No.  6470.)  Received  in  1908  from  Mr.  W.  R.  Dykes,  England. 
Not  bloomed.     This  is  probably  Iris  clarkei  Baker,  a  native  of  Sikkim,  India. 

28448.  Iris  laevigata  Fisch. 

(P.  I.  G.  No.  6303.)  Distribution. — In  the  vicinity  of  Yokosuka,  Shiinoda,  and 
Hakodate  in  Japan;  in  the  province  of  Shengking,  China,  and  near  Port  Chusan 
in  Chosen  (Korea).     Also  extensively  cultivated  in  other  countries. 

28449.  Iris  korolkowi  Regel. 

(P.  I.  G.  No.  6401.)  Distribution.— Sent  alive  by  Gen.  Korolkow  to  St. 
Petersburg  in  1870  from  Turkestan. 

28450.  Iris  paradoxa  X  pumila. 

(P.  I.  G.  No.  6421.)  "  Very  meritorious  hybrids.  Plants  vigorous,  free  bloom- 
ing, and  of  eavsy  culture." 

28451.  Iris  lacustris  Nutt. 

(P.  I.  G.  No.  6467.)  Distribution. — Gravelly  shores  of  Lakes  Huron,  Mich- 
igan, and  Superior. 

28452.  Iris  lortetii  Barbey. 

(P.  I.  G.  No.  6399.)  Distribution. — On  the  slopes  of  the  Lebanon  range  of 
mountains  at  an  altitude  of  2,000  feet,  between  Mais  and  Hussin,  in  the  province 
of  Lebanon,  Asiatic  Turkey. 

28453.  Iris  milesii  X  tectorum. 
(P.  I.  G.  No.  6380.) 

28454.  Iris  milesii  X  tectorum. 
(P.  I.  G.  No.  6464.) 

28455.  Iris  monnieri  DC. 

(P.  I.  G.  No.  6518.)  Distribution. —The  islands  of  Rhodes  and  Crete,  in  the 
eastern  part  of  the  Mediterranean. 

28456.  Iris  obtusifolia  Baker. 

(P.  I.  G.  No.  6520.)  Distribution. —The  province  of  Mazanderan,  on  the 
southern  shore  of  the  Caspian  Sea,  in  Persia. 

28457.  Iris  pallida  Lam. 

(P.  I.  G.  No.  6462.)  Distribution.— The  islands  of  Crete  and  Rhodes,  and  in 
Palestine,  Syria,  and  Morocco,  rising  to  an  elevation  of  7,000  feet  in  the  Atlas 
Mountains. 

28458.  Iris  nigricans  Hort. 
(P.  I.  G.  No.  6400.) 

28459.  Iris  paradoxa  X  sambucina. 
(P.  I.  G.  No.  6465.) 

28460.  Iris  sibirica  X  (?). 
(P.  I.  G.  No.  6446.) 

28461.  Iris  sibirica  X  (?). 
(P.  I.  G.  No.  6521.) 

28462.  Iris  sibirica  X  delavayi. 
(P.  I.  G.  No.  6301.) 
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28371  to  28531— Continued. 

28463.  Iris  sofarana  Foster. 

(P.  I.  G.  No.  6398.)  Distribution. — ^On  the  Lebanon  Mountains  in  the  vicinity 
of  Ain  Sofar,  Asiatic  Turkey. 

28464.  Iris  straussi  Leichtl. 

(P.  I.  G.  No.  6515.)  Distribution. — The  vicinity  of  Sultanabad,  in  the  prov- 
ince of  Irak  Ajemi,  western  Persia. 

28465.  Iris  suaveolens  X  lutescens  statellae. 
(P.  I.  G.  No.  6220.) 

28466.  Iris  tectorum  Maxim. 

(P.  I.  G.  No.  6522.)  Distribution. — The  provinces  of  Shantung,  Hupeh, 
Ichang,  Hunan,  Shensi,  Kansu,  and  Szechwan,  in  China,  and  in  the  vicinity  of 
Yokohama,  in  Japan. 

28467.  Iris  tectorum  X  milesii. 
(P.  I.  G.  No.  6221.) 

28468.  Iris  tenax  Dougl. 

(P.  I.  G.  No.  6514.)  Distribution. — Northwestern  America,  where  it  is  com- 
mon in  open  places  from  British  Columbia  southward  to  Oregon. 

28469.  Iris  tenax  X  versicolor. 
(P.  I.  G.  No.  6452.) 

28470.  Iris  verna  L. 

(P.  I.  G.  No.  6468.)  Distribution. — Wooded  hillsides  from  Pennsylvania  to 
Kentucky  and  southward  to  Georgia  and  Alabama. 

28471.  Iris  versicolor  L. 

(P.  I.  G.  No.  6445.)  Distribution. — In  swamps  from  Newfoundland  to  Mani- 
toba and  southward  to  Florida  and  Arkansas. 

28472.  JuGLANS  coRDiFORMis  Maxim. 

(P.  I.  G.  No.  6449.)  Distribution. — In  the  vicinity  of  Yokohama  and  of 
Hakodate  on  the  island  of  Hokushu  (Yezo),  Japan. 

28473.  JUGLANS   CORDIFORMIS  X  REGIA. 

(P.  I.  G.  No.  6511.) 

28474.  JuGLANS  siEBOLDiANA  Maxim. 

(P.  I.  G.  No.  6448.)  Distribution. — In  forests  on  the  mountains  in  Kiushu 
and  in  the  vicinity  of  Tokyo,  Yokohama,  Kamakura,  Yokosuka,  and  Hakodate, 
in  Japan. 

28475.  Lachenalia  pendula  Ait. 

(P.  I.  G.  No.  6192.)     Distribution. — Along  the  coast  of  Cape  Colony  in  the 
vicinity  of  Hout  Bay  and  Cape  Flats. 
28476  to  28478.     Lachenalia  pendula  X  tricolor. 

28476.  (P.  I.  G.  No.  6191.)     Cowslip. 

28477.  (P.  I.  G.  No.  6193.)     Delight. 

28478.  (P.  I.  G.  No.  6194.)     Rector  of  Cau'ston. 
28479.     Lachenalia  tricolor  Jacq. 

(P.  I.  G.  No.  6195.)     Distribution. — Along  the  coast  of  Cape  Colony  at  Malines- 
bury,  near  Cape  Town,  Saldanha  Bay,  Cape  F'lats,  and  Port  Elizabeth,  South 
Africa. 
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28371  to  28531— Continued. 

28480.  Lathyrus  latifolius  L. 

(P.  I.  G.  No.  6491.)     Leichtlin  Extra  White. 

28481.  LlUUM   HENRYI  X  SPECIOSUM. 

(P.  I.  G.  No.  6553.) 

28482.  LiLIUM    HENRYI   X   SUPERBUM. 

(P.  I.  G.  No.  6498.)     "The  largest  flowered  Hemerocallis." 

28483.  LiLIUM   MACULATUM  X  MARTAGON. 

(P.  I.  G.  No.  6552.) 

28484.  LiLIUM   PHILIPPINENSE  X  LONGIFLORUM. 

(P.  I.  G.  No.  6562.) 

28485.  LiLIUM   PUBERULUM  X  LINIFOLIUM. 

(P.  I.  G.  No.  6297.)  "Very  characteristic  hybrids  bearing  large  scarlet 
blooms  of  great  substance,  the  small  centers  being  yellow,  dotted  brownish 
purple.  The  other  cross-pollinated  lilies,  as  far  as  bloomed,  do  not  show 
evidence  of  hybridity." 

28486.  LiLIUM  SPECIOSUM  Thunb. 

(P.  I.  G.  No.  6381.)     Variety  magnijicum. 

28487.  LiLiuM  SPECIOSUM  X  henryi. 
(P.  I.  G.  No.  6551.) 

28488.  LiLIUM  sp. 

(P.  I.  G.  No.  6382.)     Ellen  Wilmot. 

28489.  Malus  baccata  X  sylvestris. 

(P.  I.  G.  No.  6547.)  "Malus  baccata  X  'Baldwin'  X  'Yellow  Trans- 
parent.'    Second-generation  hybrids  of  considerable  vigor." 

28490.  Narcissus  incomparabilis  X  poeticus. 
(P.  I.  G.  No.  6209.) 

28491.  Paeonia  suffruticosa  Andr. 
(P.  L  G.  No.  6453.) 

28492.  Paeonia  sp. 

(P.  I.  G.  No.  6454.)    Seedling  varieties. 

28493.  Philadelphus  coronarius  X  microphyllus. 
(P.  I.  G.  No.  6495.) 

28494.  Philadelphus  coronarius  L. 
(P.  1.  G.  No.  6492.) 

28495.  Platycodon  grandiflorum  (Jacq.)  DC. 
(P.  I.  G.  No.  6432.)     Variety  Mariesi  macranthum. 

28496.  Prunus  simonii  X  Americana. 
(P.  I.  G.  No.  6548.) 

28497.  Pyrus  chinensis  X  communis. 

(P.  I.  G.  No.  6510.)  Chinese  varieties,  Kieffer,  Le  Conte,  and  Golden  Russet, 
pollinated  with  Bartlett,  Angouleme,  Anjou,  Seckel,  and  Lawrence. 

28498.  QUAMASIA  leichtlinii  X  cusickii. 
(P.  I.  G.  No.  6223.) 
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28371  to  28531— Continued. 

28499  to  28503.     Promising  hybrids  between  native  gooseberry  species 
and  European  garden  varieties. 

28499.  RiBES   CYNOSBATI  X  RECLINATUM. 

(P.  I.  G.  No.  6565.) 

28500.  RlBES   MISSOURIENSE    X    RECLINATUM. 

(P.  I.  G.  No.  6217.) 

28501.  RiBES   MISSOURIENSE    X    RECLINATUM. 

(P.  I.  G.  No.  6563.) 

28502.  RiBES   MISSOURIENSE    X    RECLINATUM    X    ROTUNDLFOLIUM. 

(P.  I.  G.  No.  6218.) 

28503.  RiBES   RECLINATUM    X    ROTUNDIFOLIUM 

(P.  I.  G.  No.  6564.) 

28504.  Rosa  chinensis  Jacq. 

(P.  I.  G.  No.  6443.)  Distribution. — The  provinces  of  Hupeh  and  Kwang- 
tung,  in  China,  and  the  island  of  Formosa. 

28505.  Rosa  laevigata  X  Frau  Karl  DruschJci. 

(P.  I.  G.  No.  6422.)  "Attractive  hardy  hybrids  bearing  large  semidouble 
sweet-scented  blooms,  blush  white  in  color." 

28506.  Rosa  ferruginea  X  Paul  Neyron. 

(P.  I.  G.  No.  6456.)  "Nearly  thornless  variety  with  reddish  foliage;  bloom 
very  double,  medium  in  size,  bright  rose  pink  in  color." 

28507.  Rosa  lutea  X  Harrison's  Yellow. 

(P.  I.  G.  No.  6543.)  "Very  striking;  buds  nasturtium  scarlet;  blooms  when 
opening  light  orange,  turning  to  white  and  then  to  blush  pink;  semidouble, 
2  inches  across." 

28508.  Rosa  multiplora  X  lutea. 
(P.  I.  G.  No.  6455.) 

28509.  Rosa  rugosa  X  chinensis. 

(P.  I.  G.  No.  6539.)  Victor  Hugo.  "Profuse,  large,  double,  sweet-scented 
blooms,  fiery  scarlet-crimson  in  color.    Apparently  the  best  Rosa  rugosa  hybrid." 

28510.  Rosa  rugosa  (alba)  X  chinensis  (Devoniensis) . 

(P.  I.  G.  No.  6540.)  "Good  double  white  Rugosa,  resembling  Mad.  Georges 
Bruant." 

28511.  Rosa  rugosa  X  Ards  Rover. 
(P.  1.  G.  No.  6497.) 

28512.  Rosa  rugosa  X  ?. 
(P.  I.  G.  No.  6305.) 

28513.  Rosa  rugosa  X  ?. 

(P.  I.  G.  No.  6541.)     Souvenir  de  Pierre  Lepredieux. 

28514.  Rosa  soulieana  Crepin. 

(P.  I.  G.  No.  6569.)  Distribution. — In  the  vicinity  6i  Tatsienlu,  in  the  prov- 
ince of  Szechwan,  western  China. 

28515.  Rosa  sp. 

(P.  I.  G.  No.  6544.)    "Hybrids  of  Crimson  Rambler." 
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28371  to  28531  -Continued. 
29516.     Rosa  sp. 
(P.  I.  G.  No.  6545.)    Lyon. 

28517.  Rosa  sp. 

(P.  I.  G.  No.  6417.)     ''Lyon  X  President  Camot." 

28518.  Rosa  sp. 

(P.  I.  G.  No.  6542.)     Richmond. 

28519.  Rosa  sp. 

(P.  I.  G.  No.  6496.)     Victor  Hugo.     (Hybrid  Remontant.) 

28520.  Rosa  spp.     Miscellaneous  fruits. 
(P.  I.  G.  No.  6304.) 

28521.  Rosa  spp.     Seeds  of  hardy  roses. 
(P.  I.  G.  No.  6428.) 

28522.  Rosa  spp.     Miscellaneous  fruits. 
(P.  I.  G.  No.  6444.) 

28523  and  28524.     "Promising  crossbred  garden  raspberries." 

28523.  RuBus  neglectus  X  ioaeus. 
(P.  I.  G.  No.  6571.) 

28524.  RuBus  neglectus  X  strigosus. 
(P.  I.  G.  No.  6572.) 

28525.  Tritoma  northiae  (Baker)  Skeels. 

{Kniphofia  northiae  Baker,  Jour.  Bot.,  vol.  27,  p.  43,  1889.) 
(P.  I.  G.  No.  6509.) 

28526.  Tritoma  tuckii  (Baker)  Skeels. 

{Kniphofia  tuckii  Baker,  Gard.  Chron.,  ser.  3,  vol.  13,  p.  68,  1893.) 
The  generic  name  Kniphofia  was  applied  by  Moench  in  1794  (Meth.,  p.  632)  to 
Aletris  uvaria  L.,  a  species  belonging  to  the  same  genus  as  the  two  given  above, 
but  Kniphofia  had  been  published  by  Scopoli  in  1777  (Introd.,  p.  327)  as  a 
generic  name  for  Terminalia  catappa  L.,  and  was  therefore  invalid  as  a  desig- 
nation for  the  other  and  later  genus. 

The  next  earliest  name  available  for  this  genus  is  Tritoma,  which  was  pub- 
lished by  Ker-Gawler  in  1804  (Botanical  Magazine,  vol.  20,  pi.  744),  based  on 
Tritoma  sarmentosa  (Andrews)  Skeels  {Aletris  sarmentosa  Andrews),  a  South 
African  species  belonging  to  the  same  genus  as  the  two  listed  above.  These 
species  are  therefore  recognized  under  the  name  gi^'en  to  the  genus  by  Ker- 
Gawler,  a  name  perhaps  more  frequently  applied  to  them  in  horticultural  liter- 
ature than  Kniphofia. 

These  plants  are  both  indigenous  to  Cape  Colony,  Tritoma  northiae  occurring 
near  Grahamstown,  in  the  Albany  division  of  the  coast  region,  and  Tritoma 
tucHi  in  the  .Colesberg  division  of  the  central  region. 

28527.  X  Tritonia  "Prometheus." 
(P.  I.  G.  No.  6427.) 

28528.  Vitis  vinifera  X  (aestivalis  X  labrusca). 
(P.  I.  G.  No.  6418.)     Black  Hamburgh  X  Gold  Coin. 
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28371  to  28531— Continued. 

28529.     Yucca  filamentosa  L. 

(P.  I.  G.  No.  6419.)     Variety  variegata. 

Distribution. — In  dry  and  sandy  soil  from  North  Carolina  to  Florida  and 
Mississippi. 

28630.     Yucca  flaccida  Haw. 

(P.  I.  G.  No.  6306.)     Distribution. — On  dry  or  sandy  slopes  in  or  near  the 
mountains  from  North  Carolina  to  Alabama. 

28531.     Zephyranthes  sulphurea  Hort. 

(P.  I.  G.  No.  6216.) 

28532.     Medicago  carstiensis  Wulfen. 

From  Edinburgh,  Scotland.  Presented  by  Dr.  Isaac  Bayley  Balfour,  director, 
Royal  Botanic  Garden.     Received  July  21,  1910. 

See  No.  27794  for  previous  introduction. 

28533  to  28536.     Carica  papaya  L.  Papaya. 

From  Empire,  Canal  Zone,  Panama.  Presented  by  Mr.  W.  G.  Ross,  at  the 
request  of  Mr.  H.  F.  Schultz.     Received  July  21,  1910. 

Seeds  of  the  following: 

28533.  "Fruit  cylindrical  in  shape,  very  rich  flavor,  heaviest  one  here 
weighing  16^  pounds."     (Ross.) 

"This  variety  has  a  very  small  seed  cavity  and  less  seeds  than  most  others." 
(Schdtz.) 

28534.  "Fruit  oblong  in  shape,  extra  size,  10^  pounds,  and  having  an  excel- 
lent flavor."     (Ross.) 

28535.  "Fruit  oblong  and  slightly  tapering  in  shape,  above  medium  in  size, 
and  having  very  sweet  meat."     (Ross.) 

28536.  ' '  Fruit  pear  shaped.  Tree  was  planted  three  years  ago  and  produced 
30  papayas  last  year,  all  very  large  and  of  very  fine  flavor."     (Ross.) 

28537.     Tricholaena  rosea  Nees. 

From  Benguela,  Angola,  Portuguese  West  Africa.  Presented  by  Mr.  T.  W. 
Woodside,  A.  B.  C.  F.  M.     Received  July  20,  1910. 

"A  grass  that  grows  spontaneously  in  old  worn-out  fields.  Grows  often  to  the 
height  of  2^  or  3  feet.  It  is  very  succulent  and  sweet,  and  cattle  like  it  very  much. 
From  the  fact  that  it  grows  in  old  abandoned  fields  I  would  judge  that  it  does  not 
require  rich  soil."     ( Woodside.) 

28538  and  28539.     Medicago  sativa  L.  Alfalfa. 

From  the  Bombay  Presidency,  India.  Presented  by  Mr.  P.  S.  Kanetkar,  super- 
intendent. Empress  Botanical  Gardens,  Poena,  Bombay,  India.  Received 
July  23,  1910. 

Seeds  of  the  following: 

28538.  "From  the  Surat  district,  a  few  miles  from  the  sea  and  at  sea  level. 
It  is  grown  in  fields  in  which  sugar  cane  was  grown  in  the  rains  and  harvested  in 
October.  The  seed  is  sown  in  November.  No  cuttings  for  green  fodder  are 
taken,  but  the  crop  is  allowed  to  run  to  flower  and  seed.  The  crop  is  harvested 
at  the  end  of  March.     The  cultivators  near  Surat  have  only  recently  taken 
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28538  to  28539— Continued. 

to  growing  lucern  for  seed  only.  The  crop  from  this  seed,  however,  is  not 
as  lasting  a  one  as  from  the  seed  of  the  following  (S.  P.  I.  No.  28539)." 
{KanetJcar.) 

28539.  "From  Poona,  which  is  situated  at  a  height  of  1,900  feet  and  is  dis- 
tant 80  miles  from  the  sea.  The  soil  is  loamy  and  responds  to  manure  and 
irrigation  treatments  readily.  The  lucern  crop  in  Poona  is  kept  for  three 
years,  the  cuttings  which  are  taken  every  four  to  five  weeks  being  fed  to 
cattle  and  horses.  The  plants  are  allowed  to  run  to  seed  in  March  every 
year.  The  seeds  are  sold  at  about  triple  the  price  of  seed  of  the  preceding 
(S.  P.  I.  No.  28538).  A  quart  bottleful  is  sold  at  from  2  to  2^  rupees,  a  rupee 
being  equal  to  16  pence. "     (Kanetkar.) 

28540  to  28550. 

From  Pretoria,  Transvaal,  South  Africa.  Presented  by  Prof.  J.  Burtt  Davy, 
government  agrostologist  and  botanist,  Transvaal  Department  of  Agriculture. 
Received  July  23,  1910. 

Seeds  of  the  following: 

28540.  Trichloris  mendocina  (Phil.)  Kurtz. 
See  No.  26651  for  previous  introduction. 

28541.  Cervicina  undulata  (L.  f.)  Skeels. 
See  No.  27520  for  previous  introduction. 

28542.  Eragrostis  lappula  divaricata  Stapf. 

Distribution. — On  the  Pellat  Plains,  between  Matlareen  River  and  Takun,  in 
Bechuanaland,  South  Africa. 

28543.  Trisetum  spicatum  (L.)  Richter. 

Distribution. — Alpine  regions  and  in  the  Arctic  and  Antarctic  zones. 

28544.  Chaetochloa  nigrirostris  (Nees)  Skeels. 
See  No.  26653  for  previous  introduction. 

28545.  Eragrostis  plana  Nees. 

Distribution. — In  the  Kalahari  district  and  along  the  eastern  coast  of  Cape 
Colony  and  Natal  in  South  Africa. 

28546.  Panicum  maximum  hirsutissimum  Nees. 
{Panicum  hirsutissimum  Steud.) 

Distribution. — The  coast  region  of  Natal  and  Cape  Colony. 

28547.  Spinipex  hirsutus  Labill. 

Distribution. — Sandy   shores*  of    New    Zealand,    Tasmania,    and    southern 
Australia. 

28548.  Trichloris  mendocina  (Phil.)  Kurtz. 

See  No.  28540  for  previous  introduction. 

28549.  Eragrostis  gummiflua  Nees. 

Distribution. — South  Africa;  in  the  Kalahari  region  and  along  the  eastern 
coast  of  Cape  Colony  and  Natal. 

28550.  Acacia  robusta  Burchell. 

"This  is  a  characteristic  tree  of  the  dry  bush  veldt  below  4,500  feet  altitude 
(i.  e.,  in  the  subtropical  zone  of  the  Transvaal). 
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28540  to  28550— Continued. 

"I  have  not  been  able  to  learn  much  about  the  wood,  beyond  the  fact  that 
it  is  sometimes  used  for  fence  posts  when  the  rarer  and  harder  sorts,  such  aa 
Olea  verrucosa,  are  not  available. "     {Davy.) 

Distribution. — In  the  vicinity  of  Litakun,  Bechuanaland,  and  at  Magalies- 
berg  in  the  interior  of  Cape  Colony. 

28551.     Mangifera  indica  L.  Mango. 

From  Monrovia,  Liberia,  West  Africa.     Presented  by  Mr.  E.  L.  Parker,  Commis- 
sioner of  Agriculture.     Received  July  20,  1910. 

Sierra  Leone. 

28552  to  28555.     Mangifera  indica  L.  Mango. 

From  Poona,  Bombay,  India.     Purchased  from  Mr.  P.  S.  Kanetkar,  superin- 
tendent, Empress  Botanical  Gardens.     Received  July  20,  1910. 
Seeds  of  the  following: 

28552.  Alphonse.  28554.     Pakria. 

28553.  Kadarapasant.  28555.     Tota/ari. 

28556  to  28563.     Mangifera  indica  L.  Mango. 

From  Sibpur,  Calcutta,  India.     Purchased  from  Maj.  A.  T.  Gage,  superintendent, 
Royal  Botanic  Garden.     Received  July  20,  1910. 

Seeds  of  the  following: 

28556.  Alphonso.  28560.  Small  Malda. 

28557.  Baromassia.  28561.  Paranay. 

28558.  Bhadoorea.  28562.  Peters. 

28559.  Large  Malda.  28583.  Soondershaw. 

28564  to  28568.     Mangifera  indica  T^.  Mango. 

From  Colombo,   Ceylon.     Purchased  from  Dr.   C.   Drieberg,  secretary,  Ceylon 
Agricultural  Society.     Received  July  22,  1910. 
Seeds  of  the  following;  descriptive  notes  by  Dr.  Drieberg: 

28564.  Dampara.  "Prolific;  fruit  small  in  size,  of  second  quality,  rather 
fibrous;  skin  yellow  brown;  seed  small;  ripens  early  and  keeps  fairly  well. 
The  tree  is  a  free  grower  and  is  hardy.     It  is  not  much  cultivated." 

28565.  Hfart.  "This  is  also  called  Bombay  and  is  the  commonest  variety 
found  on  the  market.  Prolific;  fruit  medium  in  size,  not  much  longer  than 
broad,  of  second  quality;  skin  golden  yellow;  seed  of  medium  size;  ripens 
early  and  is  a  fair  keeper.    The  tree  is  a  free  grower  and  is  hardy." 

28566.  Jaffna.  "The  favorite  variety  here.  Prolific;  fruit  medium  in  size, 
twice  as  long  as  broad,  of  first  quality;  skin  green;  seed  of  medium  size; 
ripens  early  and  ia  a  fair  keeper.  The  tree  is  a  fairly  free  grower  and  is 
hardy." 

28567.  Parrot.  "Fairly  prolific;  fruit  medium  to  small,  of  second  quality; 
skin  dark  green;  seed  of  medium  size;  ripens  late  and  is  a  fair  keeper.  The 
tree  is  a  free  grower  and  is  hardy.  This  variety  has  a  slight  turpentine 
flavor  and  is  not  very  common." 
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28564  to  28568— Contiiuiod. 

28568.  Rupee.  "This  is  also  called  '  Tivo-Shilling.'  It  is  a  sparse  bearer; 
fruit  the  largest  of  local  (Ceylon)  varieties,  of  first  quality;  skin  pale  green; 
seed  small  compared  to  t-ize  of  fruit;  ripens  late  and  is  not  a  good  keeper. 
The  tree  is  noi.  a  free  grower  and  is  tender.  This  variety  is  scarce  and  expen- 
sive.    Requires  very  careful  ripening." 

28569  to  28582.     Musa  spp.  Banana. 

From  Paramaribo,  Surinam.     Presented  by  Mr.  Goldsmith  H.  Williams,  manager, 
United  Fruit  Co.     Received  July  21,  1910. 
Suckers  of  the  following;  notes  by  Mr.  Williams: 

28569  to  28580.     Musa  sp. 

28569.  "Bas  Joe.  From  southern  China.  Has  seeds  in  very  small 
fruit." 

28570.  "  Cinerea  Sahramphur.  Short,  slim-pointed  fruit  of  good 
flavor." 

28571.  "Congo." 

28572.  "Dwarf  banana,  frequently  called  Cavendishii." 

28573.  "Jamaica  banana." 

28574.  "Large  Horse  banana.  Sweeter  than  the  plantain.  Very 
good  fried  or  roasted." 

28575.  "Pisang  Ambon.  A  trifle  better  than  the  Horse  banana  of 
Florida  and  much  the  same  shape." 

28576.  "Pisang  Celat.  Small,  sweet  fruit  with  13  to  16  hands  on  a 
bunch." 

28577.  "Pisang  Kudjo.     Red  banana." 

28578.  "Pisang  Siam.     Much  like  the  Hoise  banana  of  Florida." 

28579.  "Pisang  Susa.     Similar  to  the  ordinary  Apple  banana." 

28580.  "Rubra  India  Sapientum  Dacca.  One  of  the  silver-skin  varie- 
ties. What  we  term  silver  skin  is  a  fruit  that  is  like  the  red  banana 
in  shape  and  flavor,  but  with  a  clear,  yellow  skin." 

28581.  Musa  rosacea  Jacq. 

"Variety  Chittagong.  Very  small,  wdth  seeds.  New  York  Botanical  Gar- 
den No.  9636." 

Distribution. — The  lower  slopes  of  the  eastern  Himalayas  in  Chittagong, 
upper  Burma,  and  in  the  Konkan  region  on  the  western  coast  of  India;  said  to 
have  been  introduced  from  Mauritius  in  1805. 

28582.  Musa  zebrina  Van  Houtte. 

"Reddish  leaves.  Very  small  worthless  fruit,  with  seeds.  Good  as  an  orna- 
mental plant." 

28583.     Arracacia  xanthorrhiza  Bancroft.  Arracacha. 

From  Caracas,  Venezuela.     Presented  by  Senor  Antonio  Valero  Lara.     Received 
July  26,  1910. 

See  No.  3511  for  description. 
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28584.     DiospYROs  peregrin  a   (Gaertn.)  Guerke. 

From  Sibpur,  Calcutta,  India.     Presented  by  Maj.  A.  T.  Gage,  superintendent, 
Royal  Botanic  Garden.     Received  July  26,  1910. 

"A  dense,  evergreen,  small  tree  with  dark-green  foliage  and  long,  shining  leaves; 
common  throughout  India  and  Burma  except  the  arid  and  dry  zone  in  the  Pun- 
jab and  Sind.  Distributed  to  Ceylon,  Siam,  and  the  Malay  Peninsula;  very  abun- 
dant in  Bengal.  It  is  a  beautiful  tree;  the  fruit  is  eatable,  but  excessively  sour. 
Its  principal  use  is  for  paying  the  bottoms  of  boats.  It  is  beaten  in  a  large  mortar  and 
the  juice  is  expressed.  This  is  boiled,  mixed  with  powdered  charcoal,  and  applied 
once  a  year  to  the  outside  of  the  planks.  The  wood  is  of  little  value.  The  fruit  is 
largely  used  in  tanning,  being  a  powerful  astringent.  The  juice  of  the  unripe  fruit  is 
used  in  medicine  as  an  astringent.  The  tree  produces  a  round  fruit  as  big  as  a  middle- 
sized  apple,  green  when  unripe,  rusty  yellow  when  ripe,  and  in  the  later  stages  con- 
taining a  somewhat  astringent  pulp,  in  which  the  seeds  are  embedded.  "WTien  ripe  it 
is  eaten  by  the  natives,  but  is  not  very  palatable.  The  leaves  are  also  eaten  as  a  vege- 
table. Ainslie  mentions  that  the  carpenters  of  the  Malabar  coast  use  the  juice  of  the 
frxiit  as  an  excellent  glue . "  ( Watt,  Dictionary  of  the  Economic  Products  oj  India,  vol.  3, 
p.  145.) 

Seeds. 

28585  to  28593. 

From  Domane  Niemiercze,  Podolia,  Russia.     Presented  by  Messrs.  K.  Buszczynski 
and  M.  Lazynski.     Received  July  22,  1910. 

Seeds  of  the  following: 

28585  to  28587.     Avena  sativa  L.  Oat. 

28585.  Earliest,  or  Sixty-Day. 

28586.  Ligovo. 

28587.  The  new  oats  (cross  between  Ligovo  and  Earliest). 

28588  to  28592.     Triticum  aestivum  L.  Wheat. 

28588.  Brown  bearded.  28591.     Triumph  oJ  Podolia. 

28589.  Crossed  Wheat  No.  1.  28592.     White  bearded. 

28590.  Improved  Banat. 

28593.  Triticum  durum  Desf.  Wheat. 
White  spring. 

28594  and  28595. 

From  Spain.     Presented  by  Mr.  R.  I..  Sprague,  American  consul,  Gibraltar,  Spain. 
Received  July  7,  1910. 
Seeds  of  the  following;  notes  by  Mr.  Sprague: 

28594.  ViciA  ERViLiA  (L.)  Willd.  Bitter  vetch. 
"  Yero.     This  vetch  is  sown  throughout  Andalusia,  but  never  plowed  under 

for  green  manure.     When  the  crop  in  ripe  it  is  gathered  and  given  to  cattle 
during  the  winter  months." 

28595.  Lathyrus  sativus  L. 

"Alverjones.    These  are  used  for  green  manure  and  can  be  procured  in  larger 
quantities  than  the  preceding  (S.  P.  I.  No.  28594).     At  about  the  same  price 
the  practical  result  is  considered  better." 
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28596.  IIoRDEUM  sp.  Barley. 

From  Maison  Carree,  Algeria.     Presented  by  Dr.  L.  Trabut,  Algiers,  Algeria. 
Received  July  27,  1910. 

"Smooth-bearded  black  barley.  This  barley  api)eared  as  a  mutation  in  some  black 
barley  from  Australia;  it  is  very  early  and  very  resistant  to  drought.  Curious  on 
account  of.its  absolutely  smooth  beards."     ( Trabut.) 

28597.  Aleurites  moluccana  (L.)  Willd.  Candlenut. 

From  Manila,  Philippine  Islands.     Presented  by  Mr.  William  S.  Lyon.     Received 
July  21,  1910. 

See  No.  24351  for  description. 

28598  to  28603.     Allium  cepa  L.  Onion. 

From  Puerto  de  Orotava,  Teneriffe,  Canary  Islands.     Presented  by  Mr.  Solomon 
Berliner,  American  consul,  Teneriffe.     Received  July  27,  1910. 

Seeds  of  the  following: 

28598  to  28600.     From  Wildpret  Bros.     (Specially  selected  seed.) 

28598.  Bermuda  Red.  28600.     Crystal  Wax. 

28599.  Bermuda  White. 

28601  to  28603.     From  Mr.  T.  M.  Reid. 

28601.  Bermuda  Red.  28603.     Crystal  Wax. 

28602.  Bermuda  White. 

28604.     CiCER  arietinum  L.  Chick-pea. 

From  Byers,  Colo.     Procured  by  Mr.  H.  N.  Vinall  from  Mr.  Edelen.     Received 
July  29,  1910. 

"Mr.  Edelen  says  the  original  seed  of  these  peas  was  given  to  him  by  an  Italian.  He 
claims  they  yielded  2,500  pounds  of  grain  per  acre  last  season,  and  in  the  face  of  an 
extremely  dry  season  this  year  he  is  counting  on  1,000  pounds  per  acre.  From  the 
looks  of  his  field  I  should  judge  that  500  or  600  pounds  is  nearer  what  the  correct  yield 
will  be.  Chick-peas  are  very  drought  resistant  and  hail  does  them  little  injury,  as  the 
plant  itself  is  tough  and  fibrous.  "     (  Vinall.) 

28606.  Crotalaria  candicans  Wight  and  Arnott. 

From  Peradeniya,  Ceylon.     Presented  by  Dr.  J.  C.  Willis,  director.  Botanic 
Garden.     Received  August  2,  1910. 

See  No.  28344  for  description. 

28607.  Dendrocalamus  strictus  (Roxb.)  Nees.  Bamboo. 

From  Sibpm-,  near  Calcutta,  India.     Presented  by  Maj.  A.  T.  Gage,  superin- 
tendent. Royal  Botanic  Garden.     Received  August  5,  1910. 
See  Nos.  21548,  22819,  and  23476  for  previous  introductions. 

28609.     Myrica  nagi  Thunb. 

From   Kiayingchau,    China.     Presented  by  Mr.   George  Campbell.     Received 
July  25,  1910. 

Seeds.     See  Nos.  25908  and  26905  for  previous  introductions. 
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28610  and  28611.     Anona  spp. 

From  Redland  Bay,  Queensland,  Australia.     Presented  by  Mr.  James  Collins. 
Received  August  2,  1910. 

Cuttings  of  the  following: 

28610.  Anona  sp. 

"As  far  as  I  know  this  variety  has  never  been  named.  It  is  a  giant  and  far 
superior  to  any  of  the  other  anonas.  It  often  attains  a  weight  of  6  pounds, 
'being  a  veritable  custard. '     It  originated  here  about  30  years  ago. "     ( Collins.) 

28611.  Anona  cherimola  Mill.  Cherimoya. 

28612  and  28613.     Mangifera  indica  L.  Mango. 

From  Poona,  Bombay,  India.     Purchased  from  Mr.  P.  S.  Kanetkar,  superintend- 
ent, Empress  Botanical  Gardens.     Received  August  4,  1910. 

Seeds  of  the  following: 

28612.  Pyrie.  28613.     Kala  Hapoos. 

28614  and  28615.     Zea  mays  L.  Corn. 

From  the  Kalahari,  about  30  miles  east  of  Kuruman,  on  the  Kaapscheberg,  South 
Bechuanaland,  Africa.     Presented  by  Prof.  J.  Burtt  Davy,  government  agros- 
tologist  and  botanist,  Transvaal  Department  of  Agriculture,  Pretoria,  Transvaal, 
South  Africa.     Received  August  2,  1910. 
Seeds  of  the  following;  notes  by  Prof.  Davy: 

"  White  Botman  flint  maize.  This  seed  was  procured  from  a  very  dry  region,  of  shal- 
low limestone  soil,  cold  and  dry  in  winter.  It  struck  me  that  these  strains  might  do 
for  the  extreme  southwest  of  the  corn  belt  of  the  United  States  (northwestern  Texas).  " 

28614.  "Donovan's  strain  (red  cob)  has  been  grown  by  him  without  selection 
or  change  of  seed  for  10  years,  and  came  originally  from  a  still  drier  region, 
Daniels  Kuil,  at  the  southeast  end  of  the  Kuruman  Hills." 

28615.  "Mayer's  strain,  from  the  same  vicinity  as  the  preceding  (S.  P.  I. 

No.  28614)." 

28616.  Trichilia  dregeana  E.  Meyer. 

From  Durban,  Natal,  South  Africa.     Presented  by  Dr.  J.  Medley  Wood,  director. 
Botanic  Gardens.     Received  July  26,  1910. 

"A  handsome  evergreen  shade  tree."     (Wood.) 

Distribution. — In  woods  in  the  vicinity  of  Durban  in  South  Africa. 

See  No.  9482  for  previous  introduction. 

28617.  ViGNA  UNGUicuLATA  (L.)  Walp.  Cowpea. 

From  Para,  Brazil.     Presented  by  Mr.  Walter  Fischer,  acting  director,  Campo 
de  Cultura  Experimental  Paraense.     Received  August  4,  1910. 
"  Probably  identical  with  the  Blackeye  variety;  I  grew  them  on  the  campo  and  har- 
vested them  just  two  months  after  sowing.     This  cowpea  could  hardly  be  called  a 
forage  variety,  at  least  not  here  in  this  soil,  where  it  soon  goes  to  seed,  but  bears 
heavily."     (Fischer.) 

28618  to  28625. 

From  Russia.     Received  through  Mr.  Frank  N.  Meyer,  agricultural  explorer, 
July  25,  1910. 
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28618  to  28625— Continued. 
Seeds  of  the  following: 

28618.  Lathyrus  sativus  L. 

From  Vladikavkaz,  Caucasus,  Russia.  "(No.  1334a,  May  4,  1910.)  A 
legume  very  rarely  seen,  said  to  come  originally  from  Russia.  The  seeds  are 
used  locally  as  a  human  food,  being  boiled  in  soups  or  mixed  with  chick-peas 
in  stews.  Suitable  for  trial  as  a  forage  crop  in  regions  with  a  moderately  light 
summer  rainfall."     (Meyer.) 

28619.  PisuM  SATIVUM  L.  Field  pea. 
From  Vladikavkaz,  Caucasus,  Russia.     "(No.  1335a,  May  4,  1910.)     A  very 

small  pea,  apparently  an  offspring  from  a  cross  between  Pisum  sativum  and 
Pisum  arvense.  Used  locally  as  a  food,  being  more  appreciated  than  the  large- 
seeded  varieties  and  consequently  more  expensive.  Perhaps  of  value  as  a 
forage  or  food  crop  in  the  intermountain  regions."     {Meyer.) 

28620.  CiCER  ARiETiNUM  L.  Chick-pea. 
From  Baku,  Caucasus,  Russia.     "  (No.  1336a,  May  23, 1910.)     A  large  variety 

of  chick-pea,  obtained  from  a  Persian  seed  dealer  and  said  to  come  from  Persia. 
Chick-peas  are  much  used  by  the  orientals,  preferably  boiled  with  mutton  in 
soups  and  stews."     {Meyer.) 

28621.  ViciafabaL.  Horse  bean. 
From  Baku,  Caucasus,  Russia.     "(No.  1337a,  May  23,  1910.)     A  horse  bean, 

said  to  come  from  Persia.  Used  by  the  orientals  both  in  the  fresh  green  and 
in  the  dried  state  as  a  vegetable.  Ground  horse  beans  are  a  well-known  and 
excellent  feed  for  draft  animals;  perhaps  they  may  be  grown  advantageously  as 
a  winter  crop  in  the  mild-wintered  regions  of  the  United  States  and  as  asummer 
crop  in  the  intermountain  regions . "     ( Meyer . ) 

28622.  Tritioum  durum  Desf.  Wheat. 
From  Baku,  Caucasus,  Russia.     "(No.  1338a,  May  23,  1910.)    A  good  hard 

wheat,  said  to  come  from  Persia."     {Meyer.) 

28623.  Tritioum  durum  Desf.  Wheat. 
From  Vladikavkaz,   Caucasus,    Russia.     "(No.    1339a,   May  4,    1910.)     An 

excellent  hard  wheat,  coming  from  Persia  and  called  '  Tatuch.'  "     {Meyer.) 

28624.  HoRDEUM  sp.  Hull-less  barley. 
From  Baku,   Caucasus,    Russia.     "(No.   1340a,   May  23,    1910.)     A  naked 

barley  of  superior  quality,  said  to  come  from  Persia.  Much  imported  into  this 
country,  where  it  is  roasted  and  mixed  with  coffee.  The  beverage  produced 
from  this  is  very  agreeable."     {Meyer.) 

28625.  Lens  esculenta  Moench.  Lentil. 
From  Baku,  Caucasus,  Russia.     "(No.  1341a,  May  23,  1910.)     A  large  variety 

of  lentil,  said  to  come  from  Persia.  Much  used  by  the  orientals  in  soups  and 
stews.     Recommended  as  a  crop  in  semiarid  regions."     {Meyer.) 

28626.     Opuntia  sp. 

From  Nice,  France.     Presented  by  Dr.  A.  Robertson-Proschowsky.     Received 

at  the  Subtropical  Plant  Introduction  Garden,  Miami,  Fla.,  in  the  spring  of 

1909.     Numbered  for  convenience  in  recording  distribution  on  August  12, 1910. 

"This  Opuntia  is  easily  propagated  by  cuttings  of  the  pads.     After  being  severed 

from  the  plant,  they  should  be  left  in  the  sun  for  two  or  three  days  to  dry  up  the 
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38626 — Continued. 

wound  and  then  be  planted  rather  deeply  in  the  ground  in  comparatively  dry  eoil. 
Because  of  the  value  of  ita  fruits  it  seems  that  this  species  is  likely  to  prove  a  very 
valuable  one  for  dry  soils  where  other  plants  are  not  likely  to  thrive."  {Robertson- 
Proschowsky,  Journal  d' Agriculture  Tropicak.) 

28627  to  28631.     Mangifera  indica  I..  Mango. 

5'rom  India.     Purchased  from  Mr.  P.  S.   Kanetkar,  superintendent,  Empress 
Botanical  Gardens,  Poona,  Bombay.     Received  August  8,  1910.. 
Seeds  of  the  following: 

28627.  Amin.     From  Madras  Presidency. 

28628.  Borsha.     From  Poona. 

28629.  Fernandez.     From  Goa. 

28630.  Peter  pasant.     From  Madras  Presidency. 

28631.  Shendrya.     From  (Kothrud)  Poona. 

28632  and  28633.     Capsicum  annuum  L.  Pepper. 

From  Sibpur,  near  Calcutta,  India.     Presented  by  Maj.  A.  T.  Gage,  superin- 
tendent, Royal  Botanic  Garden.     Received  August  2,  1910. 
Seed  of  Nepal  peppers  from  northern  India,  as  follows: 

28632.  Red.  28633.     Yellow. 

28634  to  28636. 

From  Chile.     Received  through  Mr.  Jose  D.  Husbands,  Limavida,  Chile,  August 
3,  1910. 
Seeds  of  the  following;  descriptive  notes  by  Mr.  Husbands: 

28634.  Chenopodium  quinoa  Willd.  Quinoa. 
"(No.  585.)     A  grain  said  to  produce  1,000  for  1.     After  rubbing  and  washing 

well  to  remove  its  bitterness  it  is  eaten  boiled,  toasted,  and  ground  into  flour, 
used  in  soups,  etc.  The  ashes  of  the  plant  contain  an  extra  amount  of  potash 
and  are  used  in  soap  making." 

28635.  Myrtus  sp. 

"(No.  590.)  A  new  class  of  '  Array  an,'  a  Myrtus  that  flowers  in  the  fall,  haa 
crimson  seed  berries,  and  seeks  the  altitude  of  the  driest  arid  hills;  the  fra- 
grance is  about  the  same  as  of  that  which  flowers  in  the  spring  and  only  grows 
in  wet  or  moist  places.  A  dense,  evergreen,  ornamental  treelet  or  bush  worthy 
of  cultivation." 

28636.  Persea  meyeniana  Nees. 
"(No.  584.)    'Lingue'  of  central  Chile." 

28637  to  28642.     Vitis  vinifera  L.  Grape. 

From  Elqui,  Chile.     Received  through  Mr.  Josd  D.  Husbands,  Limavida,  Chile, 
August  11,  1910. 
28637  and  28638.     "Italia.    This    is    the    finest    raisin    grape    known." 

{Husbands.) 
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28637  to  28642— Continued. 

28637  and  28638— Continued. 

28637.     Seeds.  28638.     Cuttings. 

"  While  I  can  not  t*peak  authorilatively  upon  the  subject,  I  will  give  my 
opinion,  which  I  believe  will  be  found  substantially  correct  upon  inves- 
tigation. Elqui  raisins  are  made  from  the  'Italia'  grapes.  These  are 
lemon  yellow  in  color,  long-oblong  in  shape,  agreeably  sweet,  exquisitely 
flavored,  have  thin  skins  and  semitransparent,  long,  ^lender  bunches,  a 
fruit  which  makes  excellent  raisins  even  when  left  hanging  on  the  vine 
after  maturity.  The  seeds  vary.  Some  fruits  are  seedless;  others  in  the 
same  bunch  have  chaff  seeds;  others  one,  two,  three,  and  rarely,  but 
sometimes,  more.  I  think  neither  machines  nor  shade  are  employed  in 
drying  raisins  in  Chile,  nor  are  they  steeped  in  boiling  water  or  any  sort 
of  lye,  nor  are  they  dried  on  the  plant.  They  are  simply  picked  and  sun- 
dried  upon  mats,  trays,  or  shallow  baskets.  Their  flexibility  is  natural 
and  not  due  to  sweating.  The  natural  dryness  of  the  climate  is  quite 
sufficient  to  dry  them  to  perfection  either  in  the  shade  or  sun.  The  latter 
method  is  quicker  and  better,  as  it  leaves  the  raisins  softer.  These  vines 
are  prolific  bearers  and  the  grapes  are  highly  esteemed  as  extra  fine  and 
juicy  table  grapes. 

"In  view  of  the  fact  that  all  fruits,  grains,  etc.,  of  a  similar  appearance 
are  vulgarly  called  the  same,  I  have  an  idea  that  the  Elqui  Italia  is,  or 
may  be,  a  class  by  itself,  a  Chile  strain  of  the  Italias  introduced  from 
Italy.  I  have  seen  very  many  kinds  of  Italia  grapes  grown  in  central 
Chile,  principally  for  consumption  while  fresh.  There  are  other  classes 
preferred  for  wines  and  brandy.  All  these  have  the  same  general  appear- 
ance and  are  called  alike,  but  show  marked  differences  in  plant  and  fruit. 
The  Elqui  grape  for  making  raisins,  however,  is  above  competition." 
(Husbands.) 

28639  and  28640.     ''Pastilla.     It  is  from  these  grapes  that  the  famous  Chile 
brandy  called  '  Pisco  '  is  distilled."     (Husbands.) 

28639.     Seeds.  28640.     Cuttings. 

'"Pisco  originated  at  a  seaport  just  south  of  Callao,  Peru,  named  Pisco. 
The  liquor  was  sold  in  a  jar  about  30  inches  high,  mouth  about  6  inches 
in  diameter  made  so  that  it  could  not  stand  up.  This  jar  was  made  by 
the  Spanish  upon  models  of  the  Incas.  The  brandy  was  placed  within 
this  piece  of  pottery  new  and  unrefined;  often  buried  as  a  refining 
process.     I  believe  the  plants  came  originally  from  Peru."     (Husbands.) 

28641  and  28642.     "Negra  (black).     It  is  from  these  grapes  that  the  cele- 
brated Elqui  red  wine  is  made." 

28641.     Seeds.  28642.     Cuttings. 

28643  and  28644. 

From  the  Andean  Highlands  near  Cuzco,  Peru.      Presented  by  Mrs.  Franklin 
Adams,  Washington,  D.  C.     Received  August  10,  1910. 
Seeds  of  the  following: 

28643.  Zea  mays  L.  Com. 

28644.  Chenopodium  quinoa  Willd.  Quinoa. 
See  No.  28634  for  previous  introduction. 
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28645.  ViciA  PABA  L.  Horse  bean. 

From  Paris,  France.    Purchased  from  Vilmorin,  Andrieux  &  Co.    Received  August 
12,  1910. 
Winter. 

28646.  Medic  AGO  sativa  tunetana  Murbeck. 

From  Oued  Zenati,  Algeria.     Presented  by  Mr.  A.  Clav6.     Received  August  13 
1910. 

"The  plants  from  which  this  seed  was  taken  were  found  in  a  single,  very  limited 
place  on  calcareou.s  and  uncultivated  ground.  I  had  to  watch  carefully  to  save  from 
the  sheep,  which  are  very  fond  of  this  excellent  forage,  a  few  flowering  stems  and  a  few 
beeds.  It  was  impossible  for  me  to  get  a  larger  quantity  because  of  the  great  scarcity 
of  this  species  in  this  region."     (Clave.) 

Distribution. — Pine  woods  on  both  sandy  and  calcareous  soil  in  the  mountainous 
region  of  central  Tunis  and  at  Oued  Zenati  and  Tebessa  in  the  province  of  Constantine 
in  Algeria. 

28648  and  28649. 

From  Turkestan.     Received  through  Mr.  Frank  N.  Meyer,  agricultiu-al  explorer, 
August  13,  1910. 

28648.  TuLiPA  sp.  Tulip. 

From  mountains  near  Bachar-den,  Turkestan.  "(No.  790,  June  5,  1910.) 
A  tulip  growing  on  sunburned  mountain  sides  in  decomposed  rock  soil.  Flow- 
ers apparently  red."     (Meyer.) 

28649.  Eremurus  sp. 

From  near  Kulikalan,  in  the  province  of  Samarkand,  Turkestan.  "(No. 
789.)  A  very  robust,  ornamental  Eremurus,  having  spikes  of  flowers  that  grow 
4  feet  tall  and  are  rosy  pink  in  color.  Found  at  an  altitude  of  about  7,000 
feet  in  rich,  blackish  soil.  Of  value  as  an  ornamental  plant  in  faii'ly  dry  climes; 
apparently  able  to  stand  low  temperatures. "     (Meyer.) 

28653.     Eragrostis  lehmanniana  Xees.(?) 

From  Mowbray,  Cape  Colony,  South  Africa.     Presented  by  C.  Starke  &  Co. 
(Ltd.).     Received  August  13,  1910. 

Distribution. — Central  and  eastern  South  Africa,  extending  from  the  Graaff  Reynet 
region  and  Natal  southward  to  the  Cape. 

Seeds. 
28655.     Triticum  turgidum  L.  Wheat. 

P'rom  Valencia,  Spain.     Presented  by  Mr.  Robert  JVazier,  jr.,  American  consul. 
Received  July  12,  1910. 

"Irrigated  wheat,  the  typical  variety  grown  in  this  vicinity.  Usually  i)lanted 
from  the  end  of  November  to  the  middle  of  December. "    (Frazier.) 

28656  and  28657.     Solanum  spp. 

From  Peru.     Presented  by  Dr.  A.  Weberbauer,  German  Legation,  Lima.     Re 
ceived  August  16,  1910. 

Tubers  of  the  following;  notes  by  Dr.  Weberbauer: 
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28656  and  28657— Contiiiiied. 

28656.  SoLANUM  sp. 

"Tubers  of  an  undoubtedly  wild  Solanum  that  I  collected  myself.  I  found 
tlie  plants  on  the  hills  near  Lima,  between  crumbled  rocks  in  the  so-called  Loma 
formation,  200  meters  above  sea  level.  The  specimens  were  very  young,  in  the 
beginning'  of  their  growing  period,  but  one  of  them  already  had  blooms.  These 
were  deep  violet,  almost  the  color  of  Viola  odorata.  The  plants  were  very 
similar  to  the  potato,  but  were  not  Solanum  tuberosum,  but  the  Solanum  maglia 
which  I  collected  (formerly)  near  Mollendo. 

"Lima,  considering  its  latitude,  has  very  low  temperatures;  from  June  to 
October  the  average  monthly  temperature  is  15.9°  to  16.7°  C;  sometimes  the 
temperature  sinks  to  12°  C.  From  November  to  May  there  is  practically  no 
precipitation .  From  June  to  October,  however,  it  is  cloudy  almost  continuously, 
and  slight  rains  dampen  the  ground  so  that  the  previously  bare  hills  are  covered 
with  a  green  carpet  of  plants  (chiefly  annual  plants,  such  as  tuberous  and 
bulbous  plants).     This  vegetation  is  called  Loma. " 

28657.  Solanum  sp. 

"Tubers  of  another  Solanum  species  related  to  the  potato.  This,  too,  was 
found  at  200  meters  above  sea  level  and  between  crumbled  rocks  in  the  Loma. 
The  plant  has  pale-lilac  blooms  and  is  distinguished  from  Solanum  tuberosum, 
among  other  things,  by  the  narrow  leaf  lobes. "     (Weberbauer .) 

28658.  RuBus  sp.  Raspberry. 

From  the  top  of  Mount  Omei,  Szechwan  Province,  China.     Presented  by  Dr. 
Edgar  T.  Shields,  Yachow,  Szechwan  Province,  China.    Received  July  23,  1910. 
"Seed  of  a  most  delicious,  large,  yellow  raspberry. "     (Shields.) 

28659.  ViciA  FABA  J  J.  Horse  bean. 

From  Yachow,  Szechwan  Province,  China.  Presented  by  Dr.  Edgar  T.  Shields. 
Received  July  23,  1910. 

"These  are  very  prolific  and  are  used  extensively  in  feeding  horses  and  cows. 
They  are  also  eaten  by  the  poorer  people,  boiled  and  roasted  in  oil."     (Shields.) 

28660.  Magnolia  campbellii  Hook.  f.  and  Thorns. 

From  Erfurt,  Germany.  Purchased  from  Haage  &  Schmidt.  Received  August 
17,  1910. 

A  large  deciduous-leaved  tree,  whose  rosy  flowers,  often  10  inches  in  diameter, 
open  before  the  leaves  appear.  The  leaves  are  12  inches  long  by  4  inches  wide, 
smooth  above  and  silky  pubescent  below. 

Distribution.— In  the  forests  on  the  slopes  of  the  Himalayas,  at  an  elevation  of 
8,000  to  10,000  feet,  in  Sikkim  and  Bhutan,  northern  India. 

28661.  Zea  mays  L.  Corn. 

From  Zomba,  Nyasaland  Protectorate,  Africa.  Presented  by  Mr.  E.  W.  Davy, 
agriculturist.  Agricultural  and  Forestry  Department.  Received  August  13, 
1910. 

"Seed  of  a  native-grown  type  of  Nyasaland.  I  have  carried  out  selection  work  on 
it  for  only  one  year  at  present,  and  it  will  take  some  years  to  get  a  very  tjue  and 
improved  type  fixed.  The  results  of  even  the  first  year  show  a  marked  improvement, 
the  yield  being  at  the  rate  of  4,550  pounds  of  dried  husked  corn  per  acre.  I  would 
recommend  you  to  test  it  in  your  Southern  States  with  a  good  rainfall."  (Davy.) 
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28662  and  28663. 

From  South  Africa.     Presented  by  Prof.  J.  Burtt  Davy,  government  agrostologist 
and  botanist,  Transvaal  Department  of  Agriculture,  Pretoria.     Received  August 
1,  1910. 
Seeds  of  the  following: 

28662.  Acacia  litakunensis  Burchell. 

"This  was  collected  70  miles  southeast  of  the  type  locality.  I  have  not 
been  able  to  learn  that  the  wood  has  any  special  economic  value,  but  the  tree 
is  ornamental  and  stands  considerable  drought,  with  some  frost."     {Davy.) 

Distribution. — The  vicinity  of  Litakun  in  Bechuanaland,  South  Africa. 

28663.  Lebeckia  cuspidosa  (Burch.)  Skeels. 

{Sj)artium  cuspidosum  Burchell,  Travels,  vol.  1,  p.  348,  1822.) 

{Genista  cuspidosa  DC,  Prodromus,  vol.  2,  p.  147,  1825.) 

{Stiza  psiloloha  E.  Meyer,  Commentariorum  de  Plantis  Africae  Australi- 

oris,  p.  32,  1835.) 
{Lebeckia  psiloloha  Walp.,  Linnaea,  vol.  13,  p.  478,  1839.) 

This  South  African  leguminous  shi-ub  is  reported  by  Harvey  (Flora  Capensis, 
vol.  2,  p.  84,  1861-62)  from  "Near  Uitenhage,"  and  it  was  originally  described 
from  between  "Gattikamma"  (white  water)  and  "  Klaarwater, "  now  known 
as  Griquatown,  and  apparently  near  the  latter  locality.  Burchell  says  in 
regard  to  it:  "In  one  part,  toward  the  end  of  om-  journey,  we  passed  abundance 
of  a  handsome  shrub,  from  5  to  7  feet  in  height,  covered  with  showy  yellow 
flowers,  but  quite  destitute  of  leaves,  and  even  by  this  light  easily  to  be  dis- 
tinguished as  a  plant  which  had  not  been  anywhere  seen  before.  It  was  com- 
pletely armed  at  all  points,  its  green  leafless  branches  being  terminated  by  a 
spine  as  sharp  as  a  needle." 

De  Candolle  in  the  Prodromus  restricted  the  use  of  the  generic  name  Spar- 
tium  to  a  single  species  of  the  Mediterranean  region,  S.  junceum,  and  referred 
this  South  African  plant  to  Genista.  The  species  was  apparently  again  de- 
scribed by  E.  Meyer  under  the  name  Stiza  psiloloha,  and  since  Stiza  is  not 
recognized  as  distinct  from  the  earlier  Lebeckia,  Meyer's  plant  was  placed  in 
that  genus  by  Walpers.  The  original  specific  name  published  by  Burchell, 
though  long  in  disuse,  is  here  restored. 

"This  is  a  nearly  leafless,  dense  shrub,  about  6  feet  high,  bearing  ornamental 
yellow  flowers.  It  is  very  spiny  and  should  be  suitable  for  hedges.  It  comes 
from  the  Kalahari,  near  Kurumau,  and  is  likely  to  suit  dry,  warm  reigons." 
{Davy.) 

28666.     SoLANUM  TUBEROSUM  L.  Potato 

From  Temuco,  Chile.     Presented  by  Mr.  D.  S.  Bullock.     Received  August  19, 
1910. 
"Damma.     An  early  variety."     {Bullock.) 
Tubers. 

28667  to  28672. 

From  Mauritius.     Presented  by  Mr.  Gabriel  Regnard.     Received  July  29,  1910. 
Seeds  of  the  following: 

28667.     Aphloia  theaeformis  (Vahl)  Bennett. 

'^Bois  Goyave  or  Bois  Viliau.    A  glabrous,  much-branched  shrub;  leaves  oblong, 
obtuse,  or  acute,  entire  or   toothed,  1  to  4  inches  long.     Flowers  yellowish. 
Fruit  ovoid-ampullseform  j  to  J  inch  long;  10  to  12  seeded.  "     {Regnard.) 
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28667  to  28672— Coiitinucd. 

Distribution. — t^equent  in  the  woods  on  the  iyhmds  of  Mauritius,  the  Sey- 
chelles, Rodriguez,  and  Madagascar. 

28668.  Elaeocarpus  sp. 

28669.  Ehretia  acuminata  R.  Br. 

"An  Indian  tree  of  the  boraginaceous  family  yielding  a  tough,  light,  and 
durable  wood.  It  bears  bunches  of  tiny  white  flowers  and  red  seeds  the  size  of  a 
small  pea.     Is  a  very  showy  and  ornamental  tree. "     (Regnard.) 

Distribution. — Slopes  of  the  subtropical  Himalayas  and  the  adjacent  plains 
from  Gurhwal  to  Bhutan  in  India,  and  in  Java,  Australia,  and  Japan. 

28670.  MiMusops  imbricaria  Willd. 

' '  A  large  tree  with  gray,  glabrous  branches.  Leaves  oblong,  glabrous,  shining. 
Fruit  a  drupe,  globose,  the  size  of  a  small  apple,  one  to  four  seeded .  "     (Regnard.) 

Distribution. — Thick  woods  in  the  interior  of  the  islands  of  Mauritius  and 
Reunion. 

28671.  Tambourissa  ampufolia  (Tul.)  DC. 

"  Branchlets  stout.  Leaves  alternate,  oblong,  J  to  1  foot  long.  Bud  of  female 
perianth  black,  apiculate,  1^^-  inches  thick,  globose,  with  conical  fruits  A  inch 
long."     (Regnard.) 

Distribution. — In  the  forests  on  the  slopes  of  the  Pouce  and  other  mountain 
ranges  on  the  island  of  Mauritius. 

28672.  (Undetermined.) 

"A  forest  shrub  (?).  "     (Regnard.) 

28673  to  28675. 

Plants  of  the  following,  turned  over  to  the  Department  for  distribution  by 
Dr.  J.  N.  Rose,  associate  curator,  Division  of  Plants,  United  States  National 
Museum,  Washington,  D.  C,  August,  1910. 

28673.  EcHEVERiA  HOVEVi  Rose  n.  sp. 

"Usually  stemless,  but  when  old  developing  a  short  stem;  leaves  forming  a 
loose  spreading  rosette,  pale  green  with  broad  pinkish  or  white  margins  and  these 
more  or  less  wavy  or  sometimes  colored  throughout;  flowering  stem  a  secund 
raceme  bearing  6  to  12  flowers;  corolla  pinkish. 

"The  origin  of  this  form  is  unknown.  It  is  probably  some  horticultural 
sport  or  hybrid,  but  does  not  closely  resemble  any  of  our  common  cultivated 
forms,  although  it  may  be  said  to  belong  to  the  group  of  species  in  which  Ech- 
everia  secunda  and  Echeveria  glauca  are  found.  "     (Rose.) 

28674.  Parmentiera  cereifera  Seem.  Candle  tree. 

"This  is  one  of  the  most  remarkable  trees  of  the  Tropics,  a  native  of  Panama. 
It  grows  30  to  40  feet  high  and  produces  from  its  stem  and  old  branches  a  pro- 
fusion of  almost  sessile  campanulate  flowers;  these  are  followed  by  yellowish 
cylindrical,  smooth  points,  12  to  18  inches  long,  which  appear  exactly  like 
wax  candles,  as  the  botanical  name  implies.  So  close  is  the  resemblance  that 
travelers,  seeing  the  tree  in  fruit  for  the  first  time,  are  liable  to  be  temporarily 
puzzled  as  to  whether  the  candles  of  shops  are  made  in  factories  or  grow  on  trees. 
The  candlelike  fruits  are  suspended  from  the  bare  stem  and  branches  by  short 
slender  stalks;  dangling  in  the  air,  they  readily  give  the  impression  of  a  chan- 
dler's shop.  This  impression  is  intensified  as  night  falls  and  the  numerous 
fireflies  move  among  the  fruits.     It  is  not,  perhaps,  surprising  that  the  inex- 
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28673  to  28675— Continued. 

perienced  traveler  should  not  infrequently  be  informed  that  the  fireflies  per- 
form the  duty  of  lighting  up  these  'candles'  when  required  by  the  denizens  of 
the  jungle.  The  fruits  are  fleshy  and  juicy  and  have  a  peculiar  applelike  odor. 
They  are  eaten  by  certain  tribes,  and  also  by  cattle.  The  tree  belongs  to  the 
natural  order  Bignoniacese. "     (Rose.) 

28675.  ZiNziBERsp.  Wild  ginger. 
"From  near  Tampico,  Mexico.     Sent  in  by  Dr.  Edward  Palmer.  "      (Rose.) 

28676  and  28677.     Mangifera  indica  L.  Mango. 

From  San  Jose,  Costa  Rica.     Presented  by  Mr.  A.  R.  Guell,  Louisiana  State 
Univei-sity,  Baton  Rouge,  La.     Received  August  22,  1910. 

Cuttings  of  the  following: 

28676.  "Our  common  fiberless  variety."     (Guell.) 

28679  to  28683. 

From  Richmond,  New  South  Wales,  Australia.     Presented  by  Mr.  H.  W.  Potts, 
principal,  Hawkesbury  Agricultural  College.     Received  August  2,  1910. 

Seeds  of  the  following: 

28679.  Andropogon  pertusus  (L.)  Willd. 

Distribution. — Southern  Europe  and  Asia,  extending  from  Sicily  to  India, 
in  tropical  Africa,  and  in  Queensland  and  New  South  Wales  in  Australia. 

28680.  Andropogon  repractus  R.  Brown. 

Distribution. — Eastern  Australia,  at  Port  Essington  in  North  Australia,  along 
the  Brisbane  River  in  Queensland,  at  Port  Jackson  in  New  South  ^^'ales,  and 
at  Mitta-Mitta  in  Victoria. 

28681.  DiCHELACHNE   CRINITA   (L.  f.)    Hook.  f. 

Distribution. — Throughout  Australia  and  in  Tasmania  and  New  Zealand. 

28682.  Eucalyptus  robusta  Smith.  Swamp  maJiogany. 
Distribution. — New  South  Wales  in  Australia,  extending  from  Port  Jackson 

to  the  Blue  Mountains. 

28683.  Sterculia  diversifolia  (J.  Don.  Kiirrajong  tree. 
Distribution. — Australia,  in  the  provinces  of  Queensland,  New  South  Wales, 

Victoria,  and  Western  Australia. 

28684.     DiosPYROS  Montana  cordifolia  (Roxb.)  Hiern. 

From  Lahore,  Punjab,  India.  Presented  by  Mr.  W.  R.  Mustoe,  sui)erintendent 
of  the  Government  Gardens.  Received  August  23,  1910. 
A  tree  with  short  spines  occasionally  on  the  trunk  and  older  branches;  young 
branches  and  leaves  softly  pubescent;  leaves  narrowly  ovate,  slightly  heart  shaped 
at  the  base;  fruit  globular  and  about  the  size  of  a  large  cherry.  The  wood  is  yellowish 
gray  and  soft,  but  durable.  It  is  used  for  making  carts  and  tools  and  would  be  suit- 
able for  furniture. 

Distribution. — India,  from  the  Himalayas  to  Ceylon  and  Tenasserim,  through  the 
Malay  Archipelago  to  tropical  Australia. 
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28685.     PiiuNus  MUME  Sieb.  and  Zucc.  Japanese  apricot. 

From  Yokohama,  Japan.  Purchased  from  the  Yokohama  Nursery  Co.  Received 
August  24,  1910. 

See  Nos.  9211  to  9216  for  description. 

28686  and  28687. 

From  Washington,  D.  ('.  Presented  by  Mr.  W.  R.  Smith,  superintendent. 
National  IJotanic  Garden .  Numbered  for  convenience  in  recording  distribution 
August  25,  1910. 

Plants  of  the  following: 

28686.  AcTiNiDiA  KOLOMiKTA  (Maxim.)  Rupr. 
See  Nos.  20360  and  22593  for  description. 

28687.  Passiflora  capsularis  L. 

"A  climbing  vine  with  leaves  dividing  below  the  middle  into  two  oblong 
lanceolate  lobes;  flowers  greenish  white,  the  filament  crown  pale  yellowish 
green  surrounding  a  double  white  cup,  anthers  and  stigmas  yellow.  Fruit 
about  2  inches  long,  oblong,  and  six-angled."  (Adapted from  Botanical  Maga- 
zine, vol.  55,  pi.  2868.) 

Distribution. — Mirador  in  southern  Mexico  and  southward  to  Ecuador  and 
Brazil . 

28688  and  28689. 

From  Paraguay,  South  America.     Presented  by  Mr.  C.  F.  Mead,  Piropo,  Paraguay. 
Received  August  20,  1910. 
Seeds  of  the  following: 

28688.  PsiDiuM  guajava  Tv.  Guava. 

"In  Spanish  called  'Guayaba  gi-andc'  and  in  Guarany  'araza-guaza.'  It  is 
the  same  class  of  fruit  as  the  small  guayaba,  except  that  it  is  much  larger, 
about  the  size  of  a  hen's  egg,  and  is  borne  on  a  tree  which  in  five  years  attains 
a  height  of  20  to  25  feet  and  a  diameter  of  8  to  10  inches.  The  wood  of  this  tree 
is  hard,  tough,  and  impossible  to  split."     (Mead.) 

28689.  Bromelia  sp.  "Caraguata." 

"This  plant  in  Guarany  is  called  'caraguata'.  It  grows  in  camp  hereabouts 
especially  in  barren  spots.  Every  year  in  the  fall  the  center  leaves  turn 
bright  red  and  it  bears  a  cluster  of  pink  and  white  flowers,  similar  to  tube- 
roses. The  fruits,  which  are  used  here  for  preserves  only,  are  borne  in  a  cluster 
10  to  15  inches  long  and  4  to  6  inches  in  diameter;  they  are  the  size  of  a  small 
plum  and  are  bright  yellow  when  ripe.  The  plant  has  a  bad  name,  owing  to 
the  difficulty  of  exterminating  it  when  it  is  well  started.  " 
(Mead.) 

28690.     WiDDRiNGTONiA  WHYTEi  Rendle.  Mlanje  cypress. 

From  Zomba,  Nyasaland  Protectorate,  Africa.  Presented  by  Mr.  J.  M.  Purves, 
chief  forest  officer.     Received  August  25,  1910. 

"The  seed  germinates  quickly,  usually  in  three  or  four  weeks,  in  moist  and  slightly 
shaded  soil,  with  a  mean  temperature  of  from  65°  to  70°  F.  The  tree  occurs  in  about 
17°  south  latitude  at  elevations  of  from  5,000  to  6,000  feet.  Above  the  latter  it 
becomes  very  stunted  in  growth.  It  exhibits  a  preference  for  deep  gullies  and  ravines, 
and  seems  to  detest  very  strong  winds.  The  soil  varies  considerably,  and  fine  trees 
often  occur  in  the  crevices  of  the  decomposing  granite  rocks,  of  which  the  mountain 
chiefly  consists.  The  rainfall  will  vary  from  70  to  90  inches,  and  in  the  dry  months  the 
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28690— Continued. 

forests  are  subject  to  heavy  mist  and  fog,  with  the  result  that  the  undergrowth  never 
dies  and  is  always  very  moist.  The  rains  fall  in  the  hot  months,  October  to  April,  and 
herein  will  lie  your  chief  ditficulty  in  establishing  the  tree  in  the  Northern  Hemi- 
sphere. In  the  south  of  England  it  is  grown  with  difficulty,  as  it  makes  its  new 
growth  in  the  same  months  as  at  Mlanje,  with  the  result  that  it  does  not  ripen  off 
before  the  advent  of  frosts.  At  elevations  of  3,000  feet  in  Nyasaland,  where  the  con- 
ditions of  climate  are  more  xerophytic,  it  makes  a  nice  ornamental  tree,  but  it 
begins  to  die  out  suddenly  after  10  or  12  years.  It  seems  to  thrive  best  in  its  native 
habitat  when  it  is  slightly  intermixed  with  other  leaf-shedding  trees  and  evergreens, 
typical  of  mountain  forests,  as  the  decaying  foliage,  etc.,  helps  to  form  a  better  layer 
of  humus.  "  {E.  W.  Davy,  acting  chief  forest  officer,  Agricultural  and  Forestry  Depart- 
ment, Zoinha,  Nyasaland  Protectorate,  Africa.) 

28691  to  28703.     Mangii-era  indica  L.  Mango. 

From  Seharunpur,  India.     PurchaCsed  from  Mr.  A.  C.  Hartless,  superintendent, 
Government  Botanic  Gardens.     Received  August  23,  1910. 

Seeds  of  the  following: 


28691. 

Sanduria. 

28692. 

Singapuri. 

28693. 

Gopalbhog. 

28694. 

Ennurea. 

28695. 

Faizan. 

28696. 

Tamancha. 

28697. 

Sunahra. 

28698. 

Sharhati  (brown). 

28699. 

Bulbulchasm. 

28700. 

Calcutta  Amin. 

28701. 

Hathijhul. 

28702. 

Chickna. 

28703. 

Faquirmala. 

28704.     RoLLiNiA  sp. 

From  Port  Louis,  Mam-itius.     Presented  by  Mr.  G.  Regnard.     Received  August 
26,  1910. 

"Tree  30  feet;  leaves  7  inches  long;  fruit  heart  shaped,  with  prominent  eyes  of  a 
yellowish  color  when  ripe;  edible."     (Regnard.) 

28705  to  28707.  Solanum  spp.  Wild  potato. 

From  Marseille,  France.     Presented  by  Prof.  Edouard  Heckel,  director.  Botanic 
Gardens.     Received  August  29,  1910. 

Tubers  of  the  following: 

28705  and  28706.     Solanum  maoi.i.\  Schlecht. 

28705.     AVhite  and  violet.  28708.     Fifth  generation. 

28707.     Solanum  commersonii  Dun. 

Half  wild. 


28708  to  28710. 


Willow. 


From  Limavida,  via  Molina,  Chile.     Presented  by  Mr.  Jo86  D.  Husbands.     Re- 
ceived August  30,  1910. 

Cuttings  of  the  following: 

28708.     Salix  vitellina  L. 

"(II.  No.  609.)  Yelloiv  Mimbre.  An  industrial  plant  of  value,  introduced 
into  Chile  from  Europe  by  the  Spaniards.  Grows  in  waste  spots  along  the 
edge  of  canals,  creeks,  ravines,  etc.  It  is  used  to  make  extra  strong  baskets 
for  holding  fruit,  potatoes,  or  corn  and  for  general  farm  and  factory  uses;  also 
to  tie  fences,  thatches,  etc."  {IIusha7ids.) 
22.'? 


JULY   1   TO   SEPTEMBER   .'50,    1910.  43 

28708  to  28710^Contiiiued. 

28709.  Salix  humboldtiana  Willd. 

"(H.  No.  611.)  Sauce.  A  Chilean  willow  that  grows  wild,  principally  in 
the  sands  of  the  river-bottom  lands.  Its  greatest  use  is  for  live  fence  posts  in 
wet  or  water-covered  lands.  Cuttings  when  planted  take  root  quickly  and 
grow  very  rapidly.  Its  form  varies  and  it  is  not  a  uniform  growth  like  'castilla ' 
or  the  weeping  varieties.  The  bark  is  used  in  medicine  as  an  astringent, 
febrifuge,  etc.,  and  is  a  valuable  remedy;  it  also  gives  a  white  crystallized 
substance  called  'salicina,'  used  in  fevers  as  quinine."     (Hitsbands.) 

28710.  Salix  humboldtiana  Willd. 

"(H.  No.  610.)  Vsn-iety/astigiata.  The  Chilean  castilla.  These  trees  grow 
perfectly  straight  and  attain  a  great  height.  All  the  branches  grow  up  close 
to  the  trunk,  like  a  well-trimmed  Populus.  I  have  seen  these  trees  growing 
in  the  worst  arid  clays,  perfectly  dry."     {Husbands.) 

28711.  GossYPiuM  sp.  Cotton, 

From  Manly,  near  Brisbane,  Queensland,  Australia.    Presented  by  Mr.  Daniel 
Jones.     Received  August  30,  1910. 

"Seed  of  a  hybrid,  naturally  crossed,  found  in  a  field;  it  is  of  good  quality  and  a 
good  bearer.  So  far  we  are  not  sure  whether  it  will  maintain  its  present  standard, 
but  we  are  experimenting  with  it.  This  sample  is  from  a  3-year-old  shrub.  We 
hope  to  fix  a  type  by  breeding.  Frequently  1  to  2  pounds  of  cotton  are  obtained 
from  a  shrub  of  this  variety,  and  in  one  instance  a  2-year-old  plant  gave  us  4  pounds; 
this  is  abnormal,  however.  Mascote  (tree  cotton)  types  frequently  give  up  to  6 
pounds  per  shrub."     (Jones.) 

28712.  MoRAEA  BicoLOR  (LincU.)  Steud. 

From  Glasnevin,   Dublin,  Ireland.     Presented  by  Mr.   F.  W.  Moore,  M.  A., 
director,  Royal  Botanic  Gardens.     Received  August  29,  1910. 
"A  South  African  flowering  bulb  having  a  flower  2  inches  across,  yellow,  with 
beautiful  brown  spotvS  on  the  outer  segments;  style  crests  yellow."     (E.rtract  from 
Bailey,  Cyclopedia  of  American  Horticulture.) 

Distribution. — The  coast  region  of  Cape  Colony  between  the  Olifant's  and  Kei 
rivers. 

28713.  Berberis  fremontii  Torrey.  Barberry. 

From  Tucson,  Ariz.     Presented  by  Mr.  J.  J.  Thornber,  botanist.  University  of 
Arizona.     Received  August  29,  1910. 

"Native  barberry  from  northern  Arizona.     A  very  drought-resistant  species,  and 
promising  as  an  ornamental . "     ( Thornber.) 
See  No.  12242  for  previous  introduction. 

Distribution. — Slopes  of  canyons  in  western  Texas,  New  Mexico,  Arizona,  and  south- 
ern California. 

28714.  Anona  cherimola  Miller.  Cherimoya. 

From  Lima,  Peru.     Presented  by  the  director  of  the  National  School  of  Agricul- 
ture and  Veterinary  Surgery,  through  Mr.  Edw.  J.  Habick.     Received  through 
Rev.  V.  M.  McCombs,  Callao,  Peru,  August  30,  1910. 
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28715  to  28730. 

From  Durban,  Natal,  South  Africa.     Presented  by  Prof.  J.  Medley  Wood,  direc- 
tor, Botanic  Gardens.     Received  July  25,  1910. 
Seeds  of  the  following  ti-ees  and  evergreen  shrubs: 

28715.  AssoNiA  SPECTABILIS  (Bojer)  Kuntze. 

Distribution. — In  the  Mozambique  district  of  East  Africa,  and  in  Madagascar 
and  Mauritius. 

28716.  Bauhinia  galpini  N.  E.  Brown. 

Distribution. — Along  the  coast  of  southeastern  Afi'ica,  in  the  Makua  district 
of  Mozambique,  and  in  the  vicinity  of  Barberton  in  the  Transvaal. 

28717.  Bauhinia  petersiana  Bolle. 

Distribution. — The  vicinity  of  Senna  in  Zambesiland,  at  the  foot  of  Mount 
Moramballa  and  in  the  Manganya  Hills  in  the  Mozambique  district  of  tropical 
Africa. 

28718.  Bauhinia  picta  (H.  B.  K.)  DC. 

Distribution. — The  valley  of  the  Magdalena  River,  in  the  northern  part  of 
Boli\da. 

28719.  Boscia  undulata  Thunb. 

Distribution. — In  the  primitive  woods  in  the  vicinity  of  Uitenhage  and  dis- 
trict of  George  in  Cape  Colony;  also  in  the  island  of  Mauritius. 

28720.  Brunsfelsia  Americana  L. 

28721.  Calpurnia  aurea  (Lam.)  Benth. 

Distribution. — In  Abyssinia,  the  highlands  of  Huilla  and  Golungo  Alto  in 
Lower  Guinea,  and  in  the  vicinity  of  Durban  in  Natal. 

28722.  Carissa  grandiflora  (E.  Mey.)  DC. 

See  Nos.  11734  and  13239  for  previous  introductions. 

28723.  DovYALis  cafpra  (Hook,  and  Harv.)  Warb. 

Distribution. — The  eastern  districts  of  Cape  Colony  and  in  Kafirland,  South 
Africa. 

See  No.  3724  for  description. 

28724.  Dracaena  rumphii  (Hook.)  Regel. 

Distribution. — In  woods  along  the  eastern  coast  of  Cape  Colony,  from  near 
Uitenhage  northward  to  Pondoland. 

28725.  Inuigofera  sp. 

28726.  Mimosa  rubicatjlis  Lam. 

Distribution. — Afghanistan  and  India,  rising  to  an  elevation  of  5,000  feet  in  the 
western  Himalayas. 

28727.  Moraea  iridioides  L. 

See  No.  13732  for  previous  introduction. 

Distribution. — Tropical  and  South  Africa,  extending  from  the  valley  of  the 
River  Umba  in  German  East  Africa  and  from  British  Central  Africa  southward 
to  Cape  Colony. 

28728.  Tecoma  berteroi  DC. 

Distribution. — On  the  island  of  Haiti  in  the  West  Indies. 
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28715  to  28730— Continued. 

28729.  Ophiobostryx  volubilis  (Harvey)  Skeela. 

(Bowiea  volubilis  Harvey;  Hooker,  Botanical  Magazine,  vol.  93,  pi.  5619. 

1867.) 

The  original  generic  name  given  this  curious  liliaceous  plant  is  invalid  since 
it  had  been  used  by  Haworth  43  years  earlier  (Philosophical  Magazine,  vol.  64, 
p.  299,  1824)  for  another  proposed  genus  belonging  to  the  same  family.  No 
other  name  has  been  applied  to  the  later  genus  Bowiea,  and  Ophiobostryx  is 
therefore  proposed,  in  allusion  to  the  leafless  asparaguslike  branches  suggesting 
snaky  locks,  such  as  supplanted  hair  on  the  head  of  the  monster  Medusa,  accord- 
ing to  classical  mythology.     The  genus  has  only  one  species,  0.  volubilis. 

Ophiobostryx  volubilis  was  first  sent  to  the  Royal  Gardens,  Kew,  by  Henry 
Hutto,  of  Grahamstown,  South  Africa,  and  has  since  been  found  at  Katberg  in  the 
Stockenstrom  division  of  the  coast  region,  in  the  Orange  River  Colony  and 
Transvaal,  in  the  Kalahari  region,  and  near  Transkei,  Kokstad,  and  Durban, 
in  the  eastern  part  of  Cape  Colony. 

28730.  MoNDiA  WHiTEii  (Hook,  f.)  Skeels. 

(Chlorocodon  whiteii  Hook,  f.,  Botanical  Magazine,  pi.  5898,  1871.) 

The  generic  name  Chlorocodon,  "  in  allusion  to  the  bell-like  green  flowers, " 
was  applied  to  this  plant  in  1871  by  Sir  Joseph  Hooker  (Botanical  Magazine,  vol. 
97,  pi.  5898),  who  was  doubtless  unaware  that  the  name  had  been  used  by 
Fourreau  in  1869  (Annales  de  la  Soci6t6  Linn6enne  de  Lyon,  n.  s.,  vol.  17, 
p.  113)  for  a  proposed  genus  of  ericaceous  plants.  No  other  name  appears  to 
have  been  used  for  the  later  genus  known  as  Chlorocodon,  and  since  a  new 
name  is  necessitated  Mondia  is  proposed,  this  being  an  adaptation  of  the 
native  name  "Mondi,"  or  "Mundi,"  applied  to  this  plant. 

Mondia  whiteii  was  originally  described  from  Fundisweni,  Natal,  but  has  since 
been  collected  at  Yaunde  in  Kamerun;  Bumbo,  Pungo  Ndongo,  and  other 
places  in  Angola;  also  at  Karagwe  and  Bukoba  in  German  East  Africa,  and  in 
Nyasaland. 

28731  and  28732.     Solanum  maglia  Schlecht.  Wild  potato. 

From  Marseille,  France.     Presented  by  Dr.  Edouard  Heckel,  director,  Botanic 
Garden.     Received  September  1,  1910. 

28731.  Fourth  generation,  violet. 

28732.  Fourth  generation,  violet. 
Distribution. — See  No.  28705. 

28733  to  28738. 

From  Fort  Hall,  Nairobi,  British  East  Africa.     Presented  by  Mr.  J.  McClellan, 
Provincial  Commission.     Received  July  29,  1910. 
Seeds  of  the  following: 

28733.  Andropogon  sorghum  (L.)  Brot.  Sorghum. 
"  This  lot  represents  a  mixture  of  two  of  the  East  African  sorghum  types, 

probably  durras,  one  with  white  seeds  and  one  with  red.  Such  mixtures  are 
commonly  received  from  central  East  Africa  and  from  Abyssinia,  but  the 
varieties  have  always  proved  too  late  to  mature  in  this  country."  (Carleton 
R.  Ball.) 

28734.  Cajan  indicum  Spreng. 
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28733  to  28738— Continued. 

28735.  Chaetochloa  italica  (L.)  Scribn. 

28736.  DoLiCHOS  lablab  L.  Bonavist  bean. 

28737.  Eleusine  coracana  (L.)  Gaertn.  Ragri  millet. 

28738.  Pennisetum  americanum  (L.)  Schum.  Pearl  millet. 

28739.     Ceratonia  siliqua  L.  Carob. 

From  the  estate  of  the  Comte  de  Puerto  Hormosa,  at  Pizarra,  near  Malaga,  Spain. 
Received  through  Mr.  R.  S.  Woglum,  September  6,  1910. 

"These  cuttings  were  taken  from  the  be^t  carob  tree  I  saw  in  Spain.     A  magnifi- 
cent tree,  fully  30  feet  high  and  noted  for  being  very  prolific  in  fruit."     (Woglum.) 

28740  to  28744. 

From  Mauritius.     Presented  by  Mr.  G.  Regnard,  Port  Louis.     Received  Sep- 
tember 2,  1910. 
Seeds  of  the  foUomng;  quoted  notes  by  Mr.  Regnard: 

28740.  Pectinea  paucitlora  (Thouars)  Skeels. 

(Erythrospermum  pauciflorum  Thoiiars,  Yeg.  lies  Austr.  Afr.,  p.  67,  pi.  21, 

fig.  1,  1806.) 
(Erythrospermum  mauritianum  Baker,  Flora  of  Mauritius  and  Seychelles, 

p.  10,  1877.) 

The  genus  Pectinea  was  published  by  Gaertner  in  1791  (De  Fructibus  et 
Seminibus  Plantarum,  vol.  2,  p.  136,  pi.  Ill,  fig.  3),  with  P.  zeylanica  as  the 
only  species,  while  the  name  Erythrospermum,  often  applied  to  this  genus, 
appears  to  have  been  used  no  earlier  than  1792  or  1793  on  a  plate  published  by 
Lamarck  (Encyclopedie  M^thodique,  pi.  274).  No  description  accompanied 
this  plate  and  the  text  explaining  it  was  not  published  until  even  a  later  date. 
The  first  publication  of  a  description  of  the  genus  under  the  name  Erythro- 
spermum appears  to  have  been  effected  in  1806  by  Thouars  (Histoire  des  Yege- 
taux  Receuillis  dans  les  Isles  Australes  d'Afrique,  p.  65),  who  states  that 
Lamarck's  figure  only  had  appeared.  There  is  apparently  no  reason,  therefore, 
why  Post  and  Kuntze,  Lexicon  Generum  Phanerogamarum,  should  not  be 
followed  in  the  restoration  of  Gaertner's  name,  Pectinea,  published  15  years 
earlier  than  Erythrospermum. 

Pectinea  paudflora  was  originally  described  by  Thouars  from  Mauritius  and 
is  still  unknown  elsewhere  in  an  indigenous  state. 

"Bois  Manioc  or  Bois  Cochon.  Small  tree.  Fruit  globose,  hard,  ^  to  1  inch 
thick.     Found  in  mountain  woods  in  Mauritius." 

28741.  Eugenia  glomerata  Lam. 

" Bois  de  Pomme.  Berry  as  large  as  a  pea.  Frequent  in  mountain  woods  in 
Mauritius;  also  in  Madagascar." 

28742.  (Undetermined.) 

"Bois  Maigre.  Bois  sans  c cor ce.  Bois  Bigaigon.  Berry  ^  inch  long.  Found 
in  Mauritius  in  dense  woods;  also  in  Reunion." 

28743.  Meriana  sp.? 

"From  Pouce  Mountain,  Maiu"itius.     Pink  color." 

28744.  Yoandzeia  subterranea  (L.)  Thouars.  Woandsu. 
"Bambara  ground  nuts.     Nuts  are  eaten  boiled  and  are  very  rich  and  nour- 
ishing.    From  Africa." 

See  No.  23453  for  further  description- 
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28745.  Prunus  sp.  "Plumcot." 

From  Harput,  Turkey.     Presented  by  Mr.  William  W.  Masterson,  American 
consul.     Received  August  26,  1910. 
"An  unusually  fine-taating  fruit  that  might  be  called  a  'plumcot.'     It  was  about 
the  size  of  a  greengage  plum,  of  a  light-yellow  color,  and  had  a  decided  apricot  flavor, 
indicating  that  it  was  a  hybrid  between  the  plum  and  the  apricot."     (Masterson.) 

28746.  SoLANUM  coMMERsoNii  Diiii.  Wild  potato. 

P>om  ^Montevideo,   Uruguay.     Presented  by  Mr.   Fred  W.   Coding,  American 
consul.     Received  September  6,  1910. 

Tubers. 


28747.     SoLANUM  sp. 

From  Asimcion,  Paraguay 


Wild  potato. 

Presented  by  Mr.  T.  R.  Gwynn.     Received  Sep- 
tember 6,  19 10. 
"The  wild  potato  is  here  in  profusion.    The  plant  and  leaf  are  almost  exactly  like 
the  cultivated  varieties,  but  the  roots  are  very  different.     It  puts  forth  a  long  under- 
ground stem  to  the  end  of  which  the  potatoes  are  attached.    These  are  sometimes  as 
large  as  a  walnut,  hull  and  all,  though  generally  much  smaller."     (Gwynn.) 

28748  to  28751.     Mangifera  indica  L.  Mango. 

From  Poona,  Bombay,  India.     Purchased  from  the  Empress  Botanical  Gardens. 
Received  August  .31,  1910. 
Seeds  of  the  following: 

28748.  Badsha.  28750.     Gudbeli. 

28749.  Fernandez.  28751.     P'ote{l). 

28752  to  28760.     Mangifera  indica  L.  Mango. 

From  Seharunpiir,  India.     Purchased  from  the  Government  Botanic  Gardens. 
Received  August  31,  1910. 
Seeds  of  the  following: 


28752. 

Gola. 

28753. 

Khaparia. 

28754. 

Langra. 

28755. 

Bombay  (green) 

28756. 

Fajri  (round). 

28757. 

Fajri  (long). 

28758. 

LambaBhadra. 

28759. 

Malda. 

28760. 

Najibabadi. 

28761  and  28762. 

From  Palestine.     Pm-chased  from  Mr.  Aaron  Aaronsohn,  director,  Jewish  Agri- 
cultural Experiment  Station,  Haifa,  Palestine.     Received  August  22,  1910. 

Seeds  of  the  following: 

28761.  ViciA  ERViLiA  (L.)  Willd.  Bitter  vetch. 

28762.  Lathyrus  sativus  L. 

"I  think  that  Lathyrus  sativus  will  make  a  quicker  growth  in  the  California  orange 
orchards  than  Vicia  ervilia,  and  for  this  reason  I  believe  it  will  be  better  adapted  as  a 
green  maniue.  Furthermore,  I  believe  it  will  make  a  heaxder  growth  and  give  a  bigger 
yield  than  Vicia  ervilia;  at  least,  this  is  its  beha\aor  in  Palestine,  where  I  have  had 
experience  with  both  species.  In  my  opinion  Lathyrus  sativus  is  in  no  way  inferior 
to  the  fenugreek,  which  has  been  used  so  successfully  in  the  orauge  orchards  in  CaU- 
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fornia.     There  might  be  a  possible  advantage  in  trying  L.  sativus  in  place  of  fenugreek, 
inasmuch  as  the  seed  is  cheaper.  "    (Aaronsohn.) 

28763.  Anoxa  Montana  MacFayden. 

From  Mayaguez,  Porto  Rico.     Presented  by  Mr.  W.  E.  Hess,  assistant  horticul- 
turist, Agricultural  Experiment  Station,  through  Mr.  P.  J.  Wester.     Received 
August  23,  1910. 
"A  small  tree  indigenous  to  the  West  Indies;  the  fruit  is  subglobose,  muricate, 
and  the  flesh  dry  and  unedible. 

"Introduced  for  trial  as  a  stock  for  the  cultivated  anonas. "     ( Wester.) 

28764.  ZiziPHUs  jujuba  Aliller. 

From  Las  Cruces,  N.  Mex.     Presented  by  Mr.  David  Griffiths.     Received  Sep- 
tember 8,  1910. 
"The  trees  from  which  these  seeds  were  obtained  were  loaded  with  fruit.     There 
are  only  two  alive;  one  is  12  feet  high.     The  trees  are  probably  about  12  to  fS  years 
old,  but  have  had  very  poor  conditions  and  are  badly  crowded.  "     (Griffiths.) 

28765.  Phaseolus  max  L. 

From  Port  of  Spain,  Trinidad.  Presented  by  the  assistant  secretary  of  the 
Board  of  Agricultvu-e  at  the  request  of  Mr.  R.  B.  Dickson.  Received  August 
23,  1910. 

28766.  Helygia  paddisoni   (Baker)  Skeels. 

(Parsonsia  paddisoni  R.  T.  Baker,  Proc.  Linn.  Soc.  N.  S.Wales,  vol.24, 
p.  385,  1899.) 
The  original  use  of  the  generic  name  Parsonsia  was  by  Patrick  Brown  in  1756  (Nat- 
ural History  of  Jamaica,  p.  199,  pi.  21,  fig.  2),  for  a  species  later  published  by  Linnaeus 
as  Lyihrum  parsonsia,  a  plant  of  the  family  Lythracese.  The  genus  Parsonsia  as  pro- 
posed by  Brown  was  recognized  in  1763  by  Adanson  (Families  des  Plantes,  vol.  2,  p. 
234),  whose  description  and  citation  completed  the  technical  publication  of  the  name. 
Parsonsia  is  therefore  the  valid  name  for  Cuphea,  the  genus  to  which  Lythrum  parsonsia 
was  later  referred.  This  original  use  of  Parsonsia  by  Patrick  Brown  and  Adanson 
invalidates  its  use  by  Robert  Brown  in  1809  (Memoirs  Wernerian  Natural  History 
Society,  vol.  1,  p.  64)  for  the  apocynaceous  genus  to  which  the  species  given  above 
belongs.  Several  other  generic  names  have  been  proposed  for  various  species  of  this 
genus,  and  the  earliest  of  them,  Helygia,  published  by  Blume  in  1826  (Bijdragen 
tot  de  flora  van  Nederlandsch  Indie,  vol.  2,  p.  1043)  with  //.  javanica  as  the  type, 
is  recognized  as  the  valid  name  for  the  group,  and  the  species  under  consideration  is 
accordingly  transferred  to  it. 

Helygia  paddisoni  was  originally  described  from  New  Angledool,  New  South  Wales, 
and  is  not  known  to  occiu:  elsewhere. 

From  Sydney,  New  South  Wales,  Australia.     Presented  by  the  curator.  Depart- 
ment  of    Public    Instruction,    Technical    Education    Branch,    Technological 
Museum.     Received  August  30,  1910. 
"A  glabrous  woody  climber.     Leaves  opposite,  glabrous  on  both  sides.     The  stem 
is  about  1  inch  in  diameter  a  foot  or  so  above  the  ground,  the  bark  being  of  a  quite 
corky  nature. 

"Stock  are  very  fond  of  the  leaves,  so  that  this  plant  should  be  ranked  as  a  fodder. 
My  attention  was  first  drawn  to  this  plant  by  Mr.  A.  Paddison,  of  New  Angledool,  who 
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sent  for  identification  a  large  tuber  or  'yam'  weighing  about  10  pounds,  stating  that 
similar  'yams'  were  eaten  both  by  settlers  and  aborigines.  The  interior  is  composed 
of  a  whitish  substance,  the  chemical  analysis  of  which  shows  only  4|  per  cent  of  car- 
bonaceous principles.  It  tastes  very  much  like  a  turnip,  both  in  the  raw  and  cooked 
condition.  The  color  and  consistency  of  the  largest  specimens  resemble  those  of  the 
common  mangel-wurzel."     (R.  T.  Baker.) 

"A  vine  generally  found  growing  at  the  foot  of  and  twisting  itself  around  some 
small  tree,  and  that  tree  in  nine  cases  out  of  ten  a  'wilga'  (Geijera  parviflora  Lindl.). 
The  top  'yam'  of  the  plant  we  dug  was  4  inches  from  the  surface,  and  the  deepest 
that  wo  could  find  was  21  inches  from  the  surface.  We  dug  up  all  that  we  could 
find,  carried  them  home,  and  weighed  each  one  separately,  29  'yams'  in  all.  The 
total  weight  was  lOlJ  pounds;  the  heaviest  one  weighed  12J  pounds."     (A.  Paddison.) 

28767  and  28768.     Melinis  minutiflora  Beauv.     Molasses  grass. 

From  Sao  Paulo,  Brazil.  Purchased  from  Mr.  H.  M.  Lane,  Mackenzie  College. 
Received  September  3,  1910. 

Seeds  of  the  following: 

28767.     "Negro  Head."  28768.     Ordinary  variety. 

See  Nos.  23201  and  23381  for  previous  introductions. 

28770.  SoLANUM  jAMESii  Torr.  Wild  potato. 

Collected  in  the  Chiricahua  National  Forest.  Presented  by  Mr.  Arthur  H. 
Zachau,  forest  supervisor.  Portal,  Aiiz.,  through  the  Forest  Service.  Re- 
ceived September  15,  1910. 

28771.  SoLANUM  sp.  Wild  potato. 

From  Zacatecas,  Mexico.  Collected  by  Mr.  F.  E.  Lloyd.  Presented  by  Dr. 
J.  N.  Rose,  associate  curator,  United  States  National  Museum,  Washington, 
D.  C.     Received  September  10,  1910. 

(Rose  No.  08.219.) 

28772  to  28779. 

From  Chile.  Received  through  Mr.  Jos6  D.  Husbands,  Limavida,  via  Molina, 
Chile,  September  2,  1910. 

Seeds  of  the  following;  notes  by  Mr.  Husbands: 

28772.  Gevuina  avellana  Molina. 

"(H.  No.  595.)     Avellano.     These  are  fresh  seed  from  the  South  and  there- 
fore hardier  than  those  sent  heretofore  from  central  Chile  (S.  P.  I.  No.  25611)." 

28773.  Drimys  winteri  Forster. 

"(H.  No.  599.)     Canelo  del  Sur." 

Distribution. — Damp  slopes  of  the  exposed  valleys  in  the  vicinity  of  the 
Strait  of  Magellan  in  southern  Chile. 

28774.  Geranium  robertianum  L. 
"(H.  No.  601.)    Alfilerillo  single." 

28775.  Erodium  sp. 

"(H.  No.  602.)    Alfilerillo  double." 

28776.  Aristotelia  macqui  L'Herit. 
"(H.  No.  603.)    White  maqui." 

See  No.  26306  for  previous  introduction. 
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28777.  (Undetermined.) 

"(H.  No.  605.)     A  beautiful  evergreen  lumber  tree;  name  unknown  to  me." 

28778.  Melica  violacea  Cav. 

"(H.  No.  606.)     A  wild  grass  from  the  south  of  Chile.     Is  eaten  by  animals." 
Distribution. — The  vicinity  of  Talcahuano  on  the  coast  of  central  Chile. 

28779.  Sanguisorba  minor  Scop. 

"(H.  No.  607.)     A  wild  grass  from  the  south  of  Chile.     Is  eaten  by  animals. '" 
See  No.  25040  for  previous  introduction. 

28780.  DioscoREA  sp. 

From  Paraguay.     Presented  by  Mr.  C.  F.  Mead,  Piropo.     Received  September 
17,  1910. 

' '  This  will  stand  the  same  amount  of  frost  as  tomato  \'ines.  The  tubers  above  ground 
are  very  similar  to  potatoes,  but  the  color  is  dark,  from  yellow  to  red.  There  are  also 
white  tubers  below  the  ground,  the  same  as  regular  potatoes,  but  these  are  very  small. 
It  may  be  possible  by  selection  or  crossing  to  induce  the  plant  to  bear  marketable 
potatoes,  both  below  and  above  ground.  It  is  not  as  heavy  a  cropper  as  the  regular 
potato,  and  the  necessity  for  a  trellis  upon  which  it  can  climb  makes  its  economic 
value  doubtful.  It  should  be  planted  in  the  same  manner  as  the  potato.  Will  prob- 
ably thrive  in  regions  favored  by  sugar  cane  and  oranges. "     (Mead.) 

28781.  Melocanna  baccifera  (Roxb.)  Skeels.         Muli  bamboo. 

{Bambusa  baccifera  Roxb.,  PI.  Corom.,  vol.  3,  p.  37,  pi.  243,  1819.) 
{Melocanna    bambusoides  Trin.,    in    Spreng.,    Neue   Entdeckungen   im 
Ganzen  Umfang  der  Pflanzenkuude,  vol.  2,  p.  43,  1821.) 
The  genus  Melocanna  was  established  by  Trinius  in  1821  (Spreng.,  Neue  Entdeck- 
ungen im  Ganzen  Umfang  der  Pflanzenkuude,  vol.  2,  p.  43),  based  on  the  single 
species  Bambusa  baccifera  Roxburgh.     Unfortunately  the  original  specific  name  was 
changed  and  in  consequence  the  species  has  since  been  known  as  Melocanna  bam- 
busoides Trin.     The  earlier  specific  name  of  Roxburgh  is  here  restored. 

The  species  was  described  by  Roxburgh  from  the  Chittagong  Mountains  in  the 
southwestern  part  of  Upper  Burma,  India,  where  it  was  called  "Payu-tuUu,  "  and  it  is 
now  known  to  occur  on  the  Khasi  and  Garrow  Hills  in  Assam,  and  in  Arakan  and 
Tenasserim,  in  India. 

From  Sibpur,  Calcutta,  India.     Presented  by  Maj.  A.  T.  Gage,  superintendent, 
Royal  Botanic  Gardens.     Received  September  19,  1910. 

See  No.  21347  for  description. 

28782.  Secale  cereale  Tj.  Rye. 

From  Schlanstedt,  Saxony,  Germany.     Purchased  from  Mr.  W.  Rimpau.     Re- 
ceived September  19,  1910. 

''Old-breeding.'' 

28783.  Argaxia  spinosa  (L.)  Skeels.  Argan. 

{Sideroxylon  spinosum  L.,  Sp.  PI.,  vol.  1,  p.  193,  1753.) 
(Argania  sideroxylum  Roem.  and  Schult.,  Syst.,  vol.  4,  p.  502,  1819.) 
The  genus  Argania  was  established  by  Roemer  and  Schultes  in  1819  (Linn.  Systema 
Vegetabilium  Secundum  Classes,  Ordines,  Genera,  Species,  vol.  4,  p.  502)  and  con- 
tained the  single  species  Sideroxylon  spinosum  L.,  but  in  transferring  the  species  to 
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the  new  genus  the  specific  name  was  changed  and  the  species  has  since  usually  been 
known  as  Argania  sidewxylum  Room,  and  Schult.  Tlie  original  specific  name  is  here 
restored  in  accordance  with  the  now  nearly  universal  custom. 

The  name  Sideroxylon  spinosum  as  used  by  Linnaeus  in  the  Species  Plantarum  appears 
to  have  included  two  distinct  plants,  the  one  under  consideration  here  and  that  usually 
recognized  as  the  type,  being  the  one  represented  by  the  Plukonet  synonym,  but  not 
the  Malabar  plant  referred  to  by  the  Rheede  citation.  The  species  seems  to  have 
been  originally  described  by  Linnseus  in  his  Hortus  Cliffortianus  from  a  garden  plant, 
and  he  is  in  error  in  ascribing  India  as  its  habitat.  The  species  is  known  in  an  indig- 
enous state  only  in  Morocco. 

From  Tangier,  Morocco.     Procured  by  Mr.  R.  L.  Spraguc,  American  consul,  Gib- 
raltar, Spain.     Received  September  17,  1910. 

See  No.  3490  for  description. 

28784.  CoRCHORUs  capsularis  L.  Jute. 

From. Shanghai,  China.     Presented  by  Mr.  Nicholas  Tsu.     Received  September 
17,  1910. 

See  No.  1963  for  description. 

28785.  PiRATiNERA  uTiLis  (II.  B.  K.)  W.  F.  Wight.    Palo-de-vaca. 

The  "cow  tree  of  South  America"  was  first  named  Galactodendrum  utile  by  Hum- 
boldt, Bonpland,  and  Kunth  (Nova  Genera  et  Species,  vol.  7,  p.  163)  in  1825.  In 
1830  David  Don  (Sweet,  Hortus  Britannicus,  ed.  2,  p.  462)  placed  the  species  in  the 
genus  Brosimum,  giving  it  the  name  B.  galactodendron,  which  in  1880  was  corrected 
by  Karsten  (Deutsche  Flora,  p.  498)  to  Brosimum  utile.  The  generic  name  Brosimum 
was  published  by  Swartz  (Nova  Genera  et  Species  Plantarum,  p.  12)  in  1788,  with 
two  species,  B.  alicastrum  and  B.  spurium.  In  1775,  however,  Aublet  (Plantesde 
la  Guiane  Franyoise,  vol.  2,  p.  888,  pi.  340,  fig.  1)  published  the  genus  Piratinera  with 
one  species,  P.  guianensis,  which  is  considered  to  be  congeneric  with  Brosimum  ali- 
castrum Swartz.  The  change  of  name  from  Brosimum  galactodendron  to  Piratinera 
utilis  was  made  by  Mr.  W.  F.  Wight  in  the  Century  Dictionary  and  Cyclopedia  (vol 
12,  p.  934,  1909)  under  "palo,"  subhead  "palo-de-vaca." 

From  Caracas,  Venezuela.     Presented  by  Mr.  Antonio  Valero  Lara.     Received 
September  20,  1910. 

"This  tree  grows  here  in  the  wooded  mountains  and  highlands  as  well  as  along  the 
seacoast."     (Lara.) 

28786  and  28787.  Citrus  spp. 

From  Buitenzorg,  Java.     Presented  by  the  director.  Department  of  Agriculture. 
Received  September  22,  1910. 

Seeds  of  the  following: 

28786.  Citrus  aurAxNtium  L. 
Variety  macrocarpa. 

28787.  Citrus  macracantha  Hassk. 

28788  to  28793. 

From  Beirut,  Turkey.     Presented  by  Mr.  Alfred  E.  Day,  through  Miss  Lanice  B. 
Paton,  Hartford,  Conn.     Received  September  20,  1910. 
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Seeds  of  the  following: 

28788.  Medicago  hispida  denticulata  (Willd.;  Urb.  Bur  clover. 

28789.  Medicago  orbicularis  (L.)  All. 

28790.  Medicago  sp. 

28791.  Trifolium  agrarium  L. 

28792.  Trifolium  clypeatum  L. 

Distribution. — In  the  countries  along  the  eastern  part  of  the  Mediterranean 
from  Crete  to  Syria  and  Palestine. 

28793.  Trifolium  scutatum  Boiss. 

Distribution. — On  the  hills  in  the  vicinity  of  Smyrna,  and  in  Syria  and 
Palestine. 

28794.     Talauma  mutabilis  Blume. 

From  Buitenzorg,  Java.     Presented  by  the  director.  Department  of  Agriculture. 
Received  June  3,  1910.     Numbered  September,  1910. 

Variety  sjplendens. 

Distribution. — Along  the  banks  of  the  rivers  in  the  interior  of  the  province  of  Ban- 
tam, Java. 

28796  and  28797. 

From  Port  Louis,  Mauritius.     Presented  by  Mr.  G.  Regnard.     Received  Sep- 
tember 23,  1910. 
Seeds  of  the  following: 

28796.  Artocarpus  communis  Forst. 
See  No.  26936  for  previous  introduction. 

28797.  Mimusops  sp. 

28798.     GossYPiuM  sp.  Wild  cotton. 

From  Riviere  du  Rempart,  Mauritius.     Presented  by  Mr.   G.   Regnard,   Port 
Louis,  Mauritius.     Received  September  26,  1910. 

See  Nos.  28879  and  28880  for  note. 

28799  and  28800.     Feronia  lucida  Scheffer. 

From  Buitenzorg,  Java.  Presented  by  the  director,  Department  of  Agriculture. 
Received  September  16,  1910. 
"This  plant  is  known  as  Kaivis  watoe  in  Javanese  and  Kairista-batoe  in  Malayan. 
It  differs  from  the  wood-apple  {Feronia  elephantum)  (S.  P.  I.  No.  25888)  in  having 
yellowish  petals  and  anthers  instead  of  reddish  as  that  has;  also  calyces  linear-laciniate 
instead  of  ovate-acute  as  in  the  latter.  Occurs  in  the  province  of  Rembang,  Java." 
{Extract  from  Scheffer  in  Natuurk.  Tijds.  Ned.  Ind.,  vol.  31,  p.  19.     1870.) 

28801  to  28809. 

From  Datum,  Caurasus,  Russia.     Received  througli  Mr.  Frank  N.  Meyer,  agri- 
cultural explorer,  March  31,  1910. 

Seeds  of  the  following: 

28801.     Amygdalus  communis  L.  Almond. 

"A  very  small  almond,  but  with  thin  shell  and  of  good  flavor.     Said  to 
come  from  Persia."     {Meyer.) 
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28802.  Amygdalus  communis  L.  Almond. 
'  'A  large  almond  with  a  very  hard  .shell.    Said  to  come  from  Persia. "    ( Meyer. ) 

28803.  CoRYLUs  AVELLANA  L.  Hazekiut. 
"A  hazelnut  called  'Trepizond.'    A  very  popular  variety  and  much  grown 

in  this  section  of  the  Caucasus.     Quantities  of  them  are  exported  to  England 
and  America.     Selling  at  6  and  7  rubles  per  pood  (36  pounds).  "     (Meyer.) 

28804.  CoRYLUS  MAXIMA  Miller.  Filbert. 
"A  small  filbert,  quantities  of  which  are  sold  locally.  "     (Meyer.) 

28805.  CoRYLUs  MAXIMA  Miller.  Filbert. 
"A  filbert  called  'Kerasund.'    Grown  quite  extensively  and  exported    to 

England  and  America.     Sells  at  8  rubles  per  pood  (36  pounds).  "     (Meyer.) 

28806.  Elaeagnus  angustifolia  L.  Oleaster. 
"Sold  sparingly  as  a  sweetmeat.     Said  to  come  from  Turkestan.  "     (Meyer.) 

28807.  PisTACiA  VERA  L.  Pistache. 

"A  very  white  pistache,  of  rather  poor  quality.     Said  to  come  from  Persia.  " 
(  Meyer. ) 

28808.  Prunus  domestica  L.  Plura. 

"These  plums  when  dried  are  used  stewed  with  meats  and  in  soups.     Said  to 
come  from  Persia."      (Meyer.) 

28809.  Prunus  cerasus  L.  Cherry. 
"Said  to  come  from  Gori,  central  Caucasus.  "     (Meyer.) 

28810.  Canarium  luzonicum  (Blume)  Gray.  Pili  nut. 
From  Nueva  Caceres,  Philippine  Islands.     Presented  by  the  Hon.  P.  M.  Moir, 

judge,  8th  judicial  district,  Province  of  Ambos  Camarines.     Received  Sep- 
tember 22,  1910. 

"These  nuts  grow  in  the  southern  part  of  Luzon  and  nowhere  else  in  the  Philippines. 
The  tree  is  quite  large  and  fairly  pretty.  The  nut  is  the  richest  in  flavor  of  any  nut  I 
have  ever  eaten,  and  all  the  Americans  in  the  Philippines  think  it  the  finest  nut 
grown.  "WTien  the  nuts  are  roasted,  if  you  touch  a  lighted  match  to  one  it  will  burn 
like  a  lamp,  it  is  so  rich  in  oil.  I  think  you  will  have  to  have  them  planted  in  Florida, 
southern  Louisiana,  or  Mississippi,  where  the  climate  is  warm  and  damp,  as  that  is  the 
kind  of  climate  we  have  in  the  southern  part  of  Luzon,  and  our  rains  are  very  frequent 
and  abundant.  The  ground  should  be  well  drained.  The  trees  are  male  and  female, 
and  it  will  take  five  or  six  years  for  them  to  bear  nuts.  "     (Moir.) 

See  Nos.  21860  and  23536  for  previous  introductions. 

28811.  PsiDiuM  GUAJAVA  L.  GuavE. 

From  Tlacotalpan,  Vera  Cruz,  Mexico.  Presented  by  Mr.  Edward  Everest. 
Received  September  26,  1910.  To  be  grown  in  connection  with  the  guava- 
breeding  work. 

"An  evergreen,  arborescent  shrub,  10  to  20  feet  tall,  indigenous  to  the  tropical 
mainland  of  America  whence  it  has  been  introduced  to  practically  all  parts  of  the 
Tropics.  The  fruit  is  round,  oblong,  or  pyriform,  the  best  forms  attaining  a  weight  of 
8  to  10  ounces.  The  surface  is  smooth,  yellowish,  and  the  flesh,  in  which  the  numerous 
seeds  are  embedded,  whitish,  yellowish,  or  reddish  and  usually  very  aromatic.  The 
quality  and  flavor  vary  exceedingly,  certain  types  being  flat  and  insipid,  others  very 
sweet,  and  still  others  more  or  less  acid.  The  sweet  and  subacid  sorts  may  be  eaten 
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with  cream  as  a  dessert  fruit,  with  sometimes  sugar  added.  From  the  acid  fruits  a 
superior  jelly  is  manufactm-ed.  By-products  obtained  in  its  manufactm-e  are  guava 
marmalade  and  guava  cheese. 

"The  guava  succeeds  practically  on  all  classes  of  land,  even  poorly  drained  land,  if 
it  is  properly  cared  for  and  fertilized.  Where  the  temperatm-e  during  the  winter  fre- 
quently drops  below  26°  F.,  its  cultivation  ceases  to  be  profitable. 

"The  seed  should  be  sown  thinly  in  fiats  and  the  young  plants  pricked  off  about  2  to 
3  inches  apart;  keep  dry  to  prevent  damping  off.  \Mien  the  plants  are  6  inches  tall 
they  may  be  transplanted  to  the  niu-sery,  and  they  are  ready  for  budding  when  the 
stems  are  hardly  half  an  inch  in  diameter.  If  the  operation  is  performed  during  the 
winter  or  spring  the  plants  may  readily  be  budded,  using  the  method  of  shield  bud- 
ding. To  obtain  the  best  results,  well-ripened  budwood  from  the  current  year's  growth 
should  be  used  and  the  buds  tied  with  grafting  tape.  AMth  good  care  the  plants  are 
ready  for  planting  in  the  field  nine  months  after  insertion  of  the  bud.  Twenty  to 
twenty-five  feet  apart  is  a  good  distance  at  which  to  plant  the  guava.  "    (P.  /.  Wester.) 

Seeds. 

28812.     FuRCRAEA  sp. 

From  Nice,  P'rance.     Presented  by  Dr.  A.  Robertson-Proschow.«ky.     Received 
September  29,  1910. 

Bulbils.     For  description  see  No.  29320. 

28813  to  28815. 

From  the  Gaucin  district,  Spain.     Procm-ed  by  Mr.  R.  L.  Sprague,  American 
consul,  Gibraltar,  Spain.     Received  September  29,  1910. 
Seeds  of  the  following: 

28813  and  28814.     Lathyrus  sativus  L. 

28813.     Large  seeded.  28814.     Small  seeded. 

28815.  ViciA  ERViLiA  (L.)  Willd.  Bitter  vetch. 

28816  to  28822.     Mangifera  indica  L.  Mango. 

From    Lal-Bagh,   Bangalore,  India.     Procured    from    Mr.  G.    H.    Krumbiegel, 
economic   botanist  with   the  Government  of  ^Mysore,   Government  Botanic 
Gardens.     Received  September  26,  1910. 
Seeds  of  the  following;  notes  by  Mr.  Krumbiegel: 

28816.  "Amini.  Weight  12  to  15  ounces;  size  7  by  3^  inches;  color  yellowish 
white  -with  a  light-red  shade;  shape  long,  with  thin  seed.  Skin  thin;  pulp 
yellow  and  juicy;  taste  sweet." 

28817.  " Badami.  Weight  10  to  12  ounces;  size 4  by  3^  inches;  skin  greenish 
yellow  with  reddish-orange  shoulder;  pulp  fine,  dark-cream  color,  of  the 
finest  ])iquant  and  delicate  flavor.  The  keeping  qualities  of  thLs  fi-uit  are 
excellent,  and  it  is  generally  admitted  to  be  the  best  of  the  mangos." 

28818.  "  Mulgoa.  Weight  16  to  25  ounces;  size  7  by  5  inches;  color  yellow 
and  green;  pulp  pale  yellow;  fiberless;  very  sweet;  thin  stone  and  thick 
skin.  One  of  the  latest  varieties.  Keeps  for  a  long  time;  a  good  variety 
for  shipping;  one  of  the  best." 

28819.  "Puttu.  Weight  12  to  18  ounces;  size  5  by  4^  inches;  color  dark 
green;  thick  skin;  orange- white  pulp;  stone  very  small  as  compared  with 
the  size;  taste  not  very  sweet;  juicy  and  fiberless." 

223 


JULY  1    TO   SEPTEMBER   30,   1910.  55 

28816  to  28822— Contimu'd. 

28820.  '' Raspuri.  Weight  12  lo  15  ounces;  .size  0  by  4^  inches;  colorgrcenish 
yellow  with  dark  spot^s  and  red  shade;  pulp  yellow,  fiberless;  thin  skin; 
taste  good ;  flavor  pleasant.     Profusely  fruiting.     One  of  the  earliest  varieties. " 

28821.  "lio7na)ii.  Weight  10  to  14  ounces;  size  4  by  3^  inches;  skin  very 
thin;  pulp  pale  yellow;  color  varying  from  pale  yellow  with  reddish  spots 
to  golden  yellow;  taste  sweet;  stone  very  small.  Fruits  on  trees  look  like 
apples  from  a  distance.     A  long-keeping  variety,  quite  fit  for  long  journeys." 

28822.  "Sundershu.  Weight  15  to  20  ounces;  size  8  by  4J  inches;  color 
yellowish  red ;  pulp  white;  stone  thin  and  flat;  skin  thick;  unripe  ones  are 
also  sweet;  shape  long,  with  a  pointed  curve  like  that  of  a  parrot's  bill.  A 
late  variety." 

28823  and  28824. 

From  Oregon.     Presented  by  Mr.  George  R.  Schoch,  R.  R.  No.  1,  Forest  Grove, 
Oreg.     Received  August  26,  1910. 

Seeds  of  the  following: 

28823.  Lathyrus  polyphyllus  Nutt. 

From  northwestern  Oregon,  altitude  800  feet.     Crop  of  1910. 

"A  perennial  species  with  violet-colored  flowers,  abundant  in  the  open 
coniferous  woods  throughout  western  Washington  and  western  Oregon.  The 
plants  appear  in  early  spring  and  become  fully  mature  and  dry  in  July.  Stock 
are  not  fond  of  the  plant  when  green,  but  eat  the  hay  readily."     (C.  V.  Piper.) 

28824.  ViciA  GiGANTEA  Hook.  Giant  vetch. 

From  northwestern  Oregon,  latitude  45°  32',  longitude  46°  8',  altitude  1,000 
feet.     Crop  of  1910. 

"A  perennial  vetch  with  ochroleucous  flowers,  growing  along  the  Pacific 
coast  from  Sitka  to  middle  California.  It  grows  to  a  great  size,  the  vines  being 
often  8  to  10  feet  long  and  producing  a  great  abundance  of  plants  and  pods. 
The  seeds,  however,  are  ordinarily  destroyed  by  insects.  Stock  ordinarily 
will  not  eat  the  plants  while  green  and  are  not  particularly  fond  of  the  hay. 
The  entire  plant  tm-ns  black  on  drying."     (C.  V.  Piper.) 

28825.     Catha  edulis  Forsk.  Khat. 

From  Aden,  Arabia.     Procured  by  Mr.   Charles  K.  Moser,  American  consul. 
Received  August  24,  1910. 

"Khat  is  the  Arabic  name  for  Catha  edulis,  a  shrub  grown  commercially  in  only 
two  localities  in  the  world,  the  Yemen  and  near  Harrar  in  Abyssinia.  The  word  is 
said  to  be  derived  fi'om  another  Arabic  word,  kt^it,  meaning  food  or  sustenance,  and 
refers  to  the  most  salient  property  of  the  plant,  that  of  sustaining  one  who  eats  of  its 
leaves  under  the  most  extraordinary  bodily  labor.  The  Arabs  say  that  life  and  hard 
work  would  be  unendurable  in  their  country  without  khat. 

"The  shrub  is  found  only  in  certain  localities  in  the  mountains  from  3,500  to  5,000 
feet  above  sea  level.  It  will  not  grow,  even  in  highlands,  near  salt  water,  or  in  any 
soil  containing  sand.  The  height  of  a  full-grown  plant  varies  from  5  to  12  feet,  appar- 
ently more  according  to  the  nature  of  the  climate  than  to  the  quality  of  the  soil,  as  has 
been  demonstrated  by  the  Arabs.  It  appears  that  its  chief  requirements  for  cultiva- 
tion are  a  fair  amount  of  water,  a  cool  but  not  cold  climate,  and  a  soil  composed  largely 
of  disintegrated  stone,  well  manured  with  sheep  and  goat  droppings.  A  peculiarity 
of  the  plant  is  that  it  will  not  thrive  in  soil  manured  with  camel  or  cattle  dung. 
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28825— Continued. 

"In  appearance  khat  is  a  dark-green  shrub  of  thick  foliage,  its  elliptical  leaves  vary- 
ing greatly  in  size,  color,  and  texture  in  individual  plants.  In  general  the  mature 
leaves  will  average  from  IJ  to  If  inches  in  length,  and  from  three-eighths  to  five-eighths 
of  an  inch  in  width,  according  to  the  locality  in  which  they  are  grown. 

"Khat  is  grown  altogether  from  cuttings.  Cultivation  of  it  is  simple  and  original. 
The  field  is  first  flooded  until  the  soil  has  absorbed  all  the  water  it  can  hold;  care  is 
taken  that  the  water  brings  in  no  sand  with  it.  It  is  then  well  mixed  with  sheep  and 
goat  manure  and  left  to  'ripen'  for  a  few  days.  WTien  the  ground  is  sufficiently  dry 
and  'ripe '  they  set  out  the  cuttings  in  shallow  holes  from  4  to  6  feet  apart,  with  space 
enough  between  the  rows  for  pickers  to  pass  easily  (usually  2^  to  3  feet).  The  cuttings 
grow  rapidly  and  spread  widely.  They  are  given  shallow  hoeing  for  the  first  year, 
by  which  time  the  shrub  is  about  2  feet  high,  with  a  spread  of  perhaps  18  inches.  Soft 
earth  is  then  piled  up  about  the  base  to  conserve  all  moisture,  and  the  leaves  become 
more  numerous.  Though  it  is  customary  to  begin  picking  the  leaves  when  the  plant 
is  a  year  old,  this  may  not  always  occm*.  The  Arab  follows  a  different  rule.  When 
he  sees  the  leaves  being  eaten  by  the  bii-ds,  he  knows  they  are  ripe  and  of  good  flavor 
for  the  market. 

"  The  khat  caravans  arrive  daily  at  Aden  about  11  a.  m.  The  British  Government 
provides  rooms  for  the  storage  and  sale  of  the  shrub,  which  later  is  taxed  according  to 
weight.  On  fevery  25  pounds  of  the  high-grade  kinds  the  tax  is  $0.3244;  on  the  low- 
grade  product  (which  is  used  by  the  common  people)  the  tax  is  $0.3244  for  every  20 
pounds.  The  only  reason  advanced  for  the  higher  tax  being  placed  on  the  cheaper 
khat  is  that  its  use  is  more  common  and  therefore  the  more  to  be  discouraged. 

"Khat  is  used  universally  throughout  all  Arabia.  There  is  no  coolie  too  poor  to 
buy  his  daily  portion  of  this  plant.  It  is  the  great  fact,  next  to  their  religion,  in  the 
everyday  life  of  the  people.  The  expense  to  the  native  is  out  of  all  intelligible  pro- 
portion to  his  income,  and  can  only  be  explained  as  the  Arabs  explain  it,  to  wit:  that 
without  khat  they  would  not  consider  life  worth  li\TJig,  nor  would  they  ever  achieve 
the  energy  to  do  any  sustained  or  arduous  work. 

"The  Arab  of  Aden  who  earns  30  cents  per  day  spends  at  least  half  of  it  for  khat. 
In  Ilodeida  the  man  earning  the  same  wage  wtII  average  10  cents  per  day  for  the 
support  of  his  family  and  expend  the  other  20  cents  wholly  on  khat.  Among  the  better 
class  the  proportion  of  expenditure  is  not  so  high,  but  it  is  at  least  25  per  cent  of  their 
incomes,  and  some  of  the  wealthy  will  spend  several  dollars  per  day  for  their  favorite 
passion.  The  fresh  leaves  and  tender  stems  are  always  chewed,  never  brewed  or 
made  into  any  sort  of  beverage.  Nothing  is  known  in  Arabia  of  the  chemical  con- 
stituents of  khat. "     (Moser.) 

See  No.  24714  for  previous  introduction. 

28826.     Passiflora  edulis  Sims.  Passion  flower. 

From  Melbourne,  Australia.     Presented  by  Mrs.  Alexander  Graham  Bell,  Wash- 
ington, D.  C.     Received  September  29,  1910. 
"Passion  fruit  will  grow  in  the  States;  it  prefers  a  loose  sandy-loam  soil,  but  must 
be  high  enough  up  to  be  out  of  the  reach  of  frosts,  and  near  the  sea  for  preference, 
within,  say,  10  miles.     It  requires  plenty  of  manure  and  should  be  grown  on  a  wire 
trellis,  that  is,  an  ordinary  fence  with  posts  15  feet  apart.     In  place  of  having  the  wire 
as  in  the  fence,  nail  acrosspiece  about  18  inches  long  on  the  top  of  each  post  and  run 
two  wires  along  this  crosspiece.     Train  the  \4ne  up  by  the  main  stem  until  the  wires 
are  reached,  then  run  an  arm  out  each  side  along  the  wii-es.    The  lateral  growths  will 
hang  down  like  a  curtain  and  the  fruit  bears  on  this  lateral  growth.     Plant  vines  15 
feet  apart,  one  between  each  two  posts;  train  \ane8  up  a  stick  until  they  reach  the  wire. 
Rows  to  be  15  feet  apart.     The  best  manure  for  them  is  composed  of  7  hundredweight 
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of  bone  dust,  5  hundredweight  of  superphosphate,  and  3  hundredweiglit  of  potash, 
making  15  hundredweight  to  an  acre.  If  the  winter  is  faii-ly  warm  a  winter  crop  can 
be  grown  by  cutting  off  the  lateral  growth  a  foot  below  the  wires  in  the  late  spring  or 
early  summer  and  then  maniu-ing,  but  if  the  winter  is  not  mild  I  would  simply  go  in 
for  the  natural  summer  crop — prune  as  above  late  in  winter  and  manure  early  in  spring. 
The  vines  are  raised  in  seed  boxes  fi-om  the  seed.  Simply  wash  the  pulp  out  of  the 
fruit  and  dry  the  seed;  plant  out  when  about  6  inches  high.  Do  not  allow  any  lateral 
growth  until  the  wires  are  reached.  We  plant  in  Australia  about  the  end  of  Septem- 
ber or  the  beginning  of  October.  Shelter  young  plants  until  they  get  started.  Some 
fruit  will  be  obtained  the  first  season  and  a  full  crop  the  second  season.  The  vines 
cue  about  done  in  f om-  years.  The  passion  flower  does  wonderfully  well  in  the  sandstone 
country  around  Sydney,  yet  it  grows  almost  wild  in  the  semitropical  climate  of  the 
northern  rivers  of  New  South  Wales."  {James  Moody,  Toomuc  Valley  Orchards,  Mel- 
bourne, Australia.) 

See  Nos.  1906  and  12899  for  description. 

28827  and  28828. 

From  Puerto  de  Orotava,  Teneriffe,  Canary  Islands.     Presented  by  Dr.  George 
V.  Perez.     Received  September  16,  1910. 

Seeds  of  the  following: 

28827.  Cytisus  proliferus  L.  Tagasaste. 

Variety  palmensis.  "This  is  a  splendid  forage  plant  and  very  drought 
resisting.  The  failures  with  it  are  due  to  ignorance  of  farmers  and  to  not  cut- 
ting back  the  plant.  Cattle  and  horses  have  to  learn  to  eat  it;  they  relish  it 
ever  after.  In  the  island  of  Palma  (Canary  Islands),  where  it  is  native  from 
time  immemorial,  it  has  been  used  with  the  greatest  success  possible.  It  ia 
quite  as  nutritious  as  lucern  and  does  not  want  irrigation.  I  know  of  nothing 
that  will  fatten  cattle  and  horses  so  much.  In  Palma  there  are  large  districts 
planted  with  it  where  cattle  and  even  pigs  eat  it  at  liberty.  Chaffed  and 
mixed  with  straw  it  is  excellent.  The  seed  must  be  scalded  in  boiling  water 
before  sowing."     (Perez.) 

28828.  EcHiUM  simplex  DC. 

"The  so-called  Pride  of  Teneriffe,  a,  lovely,  showy,  native  plant,  remarkable 
for  its  single  tall  spike  of  white  flowers  reaching  from  2  to  3  yards  high.  From 
what  I  have  seen  and  observed  I  have  come  to  the  conclusion  that  besides 
being  a  very  ornamental  plant  it  could  be  turned  into  a  most  valuable  fodder, 
beating  the  prickly  comfrey,  over  which  it  has  the  advantage,  like  all  plants 
of  the  Canary  flora,  of  being  drought  resistant.  The  idea  is  entirely  my  own 
after  watching  in  one  of  my  properties  how  greedily  my  cows  eat  it."     (Perez.) 

28829  to  28832. 

From  Togo,  Africa.     Presented  by  Mr.  G.  H.  Pape,  through  Mr.  A.  B.  Conner, 
scientific  assistant,  Chillicothe,  Tex.     Received  September  29,  1910. 
Seeds  of  the  following: 

28829.  ViGNA  UNGUicuLATA  (L.)  Walp.  Cowpea. 
Tan. 

28830  to  28832.     Voandzeia  subterranea  (L.)  Thouars.  Woandsu. 
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28833  to  28874. 

From  Ventimiglia,  Italy.     Presented  by  Mr.  Alwin  Berger,  La  Mortola.     Re- 
ceived September  6,  1910. 
Seeds  of  the  following: 

28833.  Acer  oblongum  Wall.  Maple. 
"Tree  up  to  50  feet  in  height,  with  glabrous,  entire  ovate-lanceolate  leaves, 

coriaceous  and  glaucous  beneath."     {Bailey.) 

See  No.  8659  for  previous  introduction. 

Distribution.— ^\oY>es  of  the  temperate  Himalayas  at  an  altitude  of  2,000  to 
5,000  feet,  extending  from  Kashmir  to  Sikkim  in  India,  and  in  the  vicinity  of 
Hongkong,  China,  and  in  the  Nansei  Islands. 

28834.  Althaea  sulphurea  Boiss.  and  Hohen. 

Distiibution.— Lower  slopes  of  the  mountains  in  northern  Persia,  Afghanistan, 
and  Sungaria. 

28835.  Asparagus  acutifolius  L. 

See  No.  17981  for  description. 

Distribution. — The  countries  bordering  on  the  Mediterranean  Sea  from  Por- 
tugal and  Spain  through  Italy  and  Greece  to  Syria,  and  in  northern  Afiica. 

28836.  Ballota  pseudodictamnus  (L.)  Benth. 

"A  white-woolly,  herbaceous  plant,  wool  densely  fioccose,  leaves  orbiculate, 
entire  or  obsciu-ely  crenate,  base  broadly  cordate,  petiole  short,  corolla  whita 
spotted  with  red,  upper  lip  cut  at  the  apex,  bearded  wathin."  ( Willkomm  and 
Lange,  Prodromus  Florae  Hispanicae.) 

Distribution.— In  waste  places  and  dry  fields  in  Greece  and  the  island  of 
Crete. 

28837.  Ballota  hispanica  (L.)  Benth. 

"An  herbaceous  plant,  stem  white  woolly,  leaves  broadly  ovate,  obtuse, 
velvety  above,  floccosely  woolly  below,  corolla  whitish."  {Willkomm  and 
Lange,  Prodromus  Florae  Hispanicae.) 

Distribution.— Jiry  and  stony  places  in  Spain,  Italy,  Sicily,  and  Dalmatia. 

28838.  Benincasa  ceritera  Sav.(?) 

28839.  Berberis  napaulensis  (DC.)  Spreng.  Barberry. 
' ' The  fiuit  of  this  evergreen  species  is  edible.     The  plant  is  hardy  to  latitude 

59°  55^  in  Norway  (Schuebeler). "     {Von  Mueller.) 

See  No.  8853  for  previous  introduction. 

Distribution. — On  the  lower  slopes  of  the  Himalayas  at  an  elevation  of  4,000 
to  8,000  feet  from  Gurhwal  to  Bhutan  in  northern  India,  and  on  the  Khasi  Hills 
in  southern  India. 

28840.  Buddleia  brasiliensis  Jacq. 

"An  evergreen  tender  shrub  with  orange  flowers."  {Johnson' s  Gardeners' 
Dictionary.) 

A  shrub  with  ovate  leaves  united  around  the  square  stem,  native  of  Brazil. 

28841.  BuonLEiA  globosa  Hope. 
See  No.  1576  for  description. 
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28842.  Ckltis  occn>KNTALis  L.  HackbeiTy  tree. 
"Height,  reaching  to  80  feet.     Will  grow  tolerably  well  even  on  the  poorest 

soil.     {B.  E.  Fernow.)     Hardy  as  far  north  as  Christiania.     Wood  rather  soft, 
difficult  to  split."     (Von  Ahieller.) 

28843.  CisTUS  albipus  X  crispus. 

28844.  Clematis  integiufolia  L. 

"Herbaceous,  erect,  becoming  2  feet  high;  leaves  rather  l)road;  flowers  soli- 
tary, blue.     Blooms  from  June  to  August."     {BaiUij.) 

Distribution.— Central  Europe  and  Asia,  extending  from  Austria  and  Hun- 
gary eastward  through  central  Russia  and  Siberia. 

28845.  Crataegus  crenulata  Roxb. 

"Shrub  with  brauchlets  and  petioles  rusty  pubescent,  at  length  glabrous; 
leaves  oblong  to  oblanceolate,  leathery,  bright  green  and  glossy  above;  corymbs 
glabrous;  fruit  globose,  bright  orange-red;  blooms  in  May  and  June."    (Bailey.) 

Distribution.— Dry  places  on  the  slopes  of  the  Himalayas  at  an  altitude  of 
2,500  to  8,000  feet,  between  Sirmur  and  Bhutan,  northern  India. 

28846.  Crataegus  sp. 

28847.  Crotalaria  capensis  Jacq. 

"Stout,  much-branched  shrub,  4  to  5  feet  high.  Cultivated  in  Florida." 
(Bailey.) 

Distribution. — Common  in  the  eastern  districts  of  Cape  Colony,  extending 
northward  to  Durban. 

28848.  Eucalyptus  crebea  Muell.  Narrow-leaved  ironbark. 
"A  tall  tree.     Bark  persistent  throughout,  dark,  almost  blackish,  ridged,  and 

deeply  furrowed,  solid;  timber  heavy,  hard,  elastic,  and  durable;  used  for  rail- 
road ties,  piles,  fence  posts,  and  in  the  construction  of  bridges  and  wagons; 
also  suitable  for  splitting  into  palings."     (Bailey.) 

See  No.  769  and  1622  for  previous  introductions. 

Distribution.— Between  the  Flinders  and  Lynd  Rivers  in  North  Australia,  in 
the  vicinity  of  More  ton  Bay  in  Queensland,  and  along  the  Hastings  River  in 
New  South  Wales. 

28849.  Eucalyptus  lehmanni  (Schauer)  Preiss.  Lehmann's  gum. 
"A  tall  shrub  or  small  tree;  bark  coming  off  in  irregular  sheets,  roughish  and 

reddish;  flowers  greenish  yellow.  A  valuable  ornamental  tree.  Blooms  July 
to  September. 

Distribution.— West  Australia,  extending  along  the  southern  coast  east  to 
King  George  Sound,  and  on  stony  hills  from  Bald  Island  and  Stirling  Moun- 
tains eastward  to  Cape  Arid. 

28850.  PODACHAENIUM  EMINENS  (Lag.)  Baill. 

"A  tall  shrub;  on  account  of  the  grandeur  of  its  foliage  in  requisition  for 
scenic  effects."     (Von  Mueller.) 

Distribution. — Southern  Mexico  and  Central  America,  extending  from  Ori- 
zaba southeastward  through  Guatemala  to  Costa  Rica. 

28851.  Iris  albopurpurea  Baker  (?) 

Received  in  a  shipment  from  Japan  without  any  information  as  to  the 
locality  from  which  it  came. 
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28852.  Iris  attica  Boiss.  and  Heldr. 

"Stem  short  or  almost  none;  leaves  wide,  falcate,  equaling  or  longer  than  the 
spa  the;  limb  violet  or  yellow,  external  segments  slightly  shorter,  reflexed, 
bearded  within. "     (Bailey.) 

Distribution. — In  stony  places  on  the  lower  slopes  of  Mount  Parnassus  and  in 
the  province  of  Attica  in  Greece. 

28853.  Iris  cengialti  Ambrosi. 

"Resembles  7m  pallida,  of  which  it  is  probably  merely  a  dwarf  variety; 
leaves  6  inches  long,  stem  about  as  long  as  leaves,  flowers  bright  lilac,  outer 
segments  with  a  white  beard.     Blooms  May  and  June. "     (Bailey.) 

Distribution. — Slopes  of  the  Tyrolese  Alps  in  southern  Austria  and  northern 
Italy. 

28854.  Iris  spuria  daenensis  Kotschy. 

Distribution. — This  subspecies  comes  from  the  southern  part  of  Persia. 

28855.  Iris  foetidissima  L. 

"This  plant  is  very  distinct  and  is  easily  recognized  by  the  odor  of  the  broken 
leaves.  The  capsules  remain  on  the  plant  in  the  winter,  bursting  open  and 
displajang  rows  of  orange-red  berries.  The  flowers  are  rather  inconspicuous.  " 
(Bailey.) 

Distribution. — Central  and  southern  Europe  and  eastward  to  Afghanistan  and 
in  Algeria. 

28856.  Iris  germanica  L. 

"Leaves  1  to  1^  feet  long;  stem  2  to  3  feet  high;  spathe  valves  tinged  with 
purple;  outer  segments  obovate-cuneate,  2  to  3  inches  long;  beard  yellow; 
inner  segments  as  large,  obovate,  connivent.  Blooms  in  early  May  and  June.  " 
(Bailey.) 

See  No.  9103  for  previous  introduction. 

Distribution. — Throughout  central  and  southern  Europe. 

28857.  Iris  halophila  Pallas. 

"Leaves  pale  green,  1  to  It  feet  long;  stem  stout,  terete,  1^  to  2  feet  long, 
often  bearing  one  to  two  spicate  clusters  below  the  end  one;  limb  pale  yellow; 
outer  segments  with  an  orbicular  blade  one-half  to  three-fourths  of  an  inch 
broad,  shorter  than  the  claw,  which  has  a  bright-yellow  keel  and  faint  lilac 
veins;  inner  segments  shorter,  erect.  "     (Bailey.) 

Distribution.- — Eastern  Europe  and  southern  Asia,  extending  from  Austria 
eastward  through  Turkey,  Asia  Minor,  and  the  Caucasus  region  to  Mongolia  and 
Kashmir. 

28858.  Iris  chamaeiris  italica  (Pari.)  Baker. 

"Leaves  3  to  4  inches  long,  one-half  inch  broad;  stem  very  short,  flowers  dark 
violet;  outer  segments  obovate-cuneate,  tinged  and  veined  with  brown;  inner 
segments  oblong.     Blooms  in  May. "     (Bailey.) 

Distribution. — Southern  Europe,  extending  from  southern  France  and 
northern  Italy  through  Dalmatia. 

2885©.     Iris  lutescens  Lam. 

"Leaves  6  to  9  inches  long;  stem  equaling  the  leaves;  flowers  pale  yellow; 
outer  segments  obovate-cuneate,  2  to  2J  inches  long,  pale  yellow,  streaked  with 
pale  brown,  undulate;  inner  segments  broader,  suddenly  narrowed  to  a  claw 
which  is  streaked  with  purple,  crenulate. "     (Bailey.) 

Distribution. — Stony  mountainous  slopes  in  the  southern  part  of  France. 
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28833  to  28874— Continued. 

28860.  Iris  sibirica  L. 

"Compact,  tufted;  leaves  green,  not  rigid,  1  to  2  feet  long;  stem  slender, 
terete,  fistulous,  murh  overtopping  the  loaves,  simple  or  forked,  bearing  several 
clusters  of  flowers;  limb  bright  lilac  blue;  outer  segments  1^  to  2  inches  long, 
with  orbicular  blade  gradually  narrowed  to  a  slender  claw,  veined  with  bright 
violet,  whitish  toward  the  claw;  inner  segments  shorter,  erect.  The  plants 
form  large  compact  clumps  producing  many  long  flowering  stems  from  the 
center. "     (Bailey.) 

See  Nos.  9104  and  13232  for  previous  introductions. 

Distribution. — Throughout  central  and  southern  Europe  and  eastward  to 
eastern  Siberia. 

28861.  Iris  missouriensis  Nutt.  (?) 

28862.  Iris  chamaeiris  olbiensis  (Henon)  Baker. 

Same  as  No.  28858  except  "flowers  are  bright  yellow."     (Bailey.) 
Distribution. — Northern  Italy  and  southern  France  and  eastward  through 
Dalmatia. 

28863.  Iris  orientalis  Miller. 
Variety  gigantea. 

Distribution. — Asia  Minor  and  Syria,  and  the  island  of  Samoa. 

28864.  Iris  paradoxa  Stev. 

"Plants  dwarf;  leaves  linear;  flowers  large,  outer  segments  reduced  to  a 
mere  claw,  dark,  covered  with  pile;  inner  segments  2  inches  long,  orbicular, 
lilac  to  white.  A  flower  with  singular  combinations  of  color.  Grows  in  dry 
situations,  but  requires  shelter  in  winter."     (Bailey.) 

Distribution. — Dry  sandy  places  in  the  Transcaucasian  region  of  southern 
Russia  and  in  northern  Persia. 

28865.  Iris  prismatica  Pursh  (?). 

28866.  Iris  ruthenica  Dryand. 

"Leaves  5  to  12  inches  long,  in  crowded  tufts;  stem  slender,  3  to  6  inches 
long,  but  often  obsolete;  tube  twice  as  long  as  the  ovary;  outer  segments  with 
an  oblong  blade  rather  shorter  than  the  claw,  lilac,  violet  scented.  Blooms  in 
April  and  May."     (Bailey.) 

Distribution. — Eastern  Europe  and  central  Asia,  extending  from  Austria 
eastward  through  Russia  and  Siberia  to  eastern  China  and  Mongolia. 

28867.  Iris  setosa  Pall.  (?) 

Distribution. — Eastern  Siberia,  Japan,  and  in  northwestern  North  America. 

28868.  Iris  halophila  sogdiana  (Bunge)  Skeels. 

(Iris  sogdiana  Bunge,  Academic  de  St.  Petersbourg,  Memoires  des 
Savants  Etrangers,  vol.  7,  p.  507,  1850-54.) 

(Iris  gueldenstaedtiana  sogdiana  Baker,  Irideae,  p.  14,  1892.) 
The  name  Iris  gueldenstaedtiana  was  published  by  Lepechin  (Acta  Academiae 
Petropolitaniae  for  1781,  pt.  1,  p.  292,  pi.  8)  in  1784.  But  Pallas  in  1773  (Reise 
durch  Verschiedene  Provinzen  des  Russischen  Reichs,  vol.  2,  p.  733)  had  pub- 
lished the  name  Iris  halophila  for  the  same  species.  The  earlier  name  should 
be  used  for  the  species,  which  necessitates  transferring  the  subspecies  published 
by  Baker  to  /.  halophila. 

Same  as  No.  28857  but  "with  gray-lilac  flowers  (Bailey)." 

Distribution. — Throughout  Asia,  from  Asia  Elinor  and  the  Caucasus  region 
eastward  to  Kashmir  and  Mongolia. 
223 


62  SEEDS   AND   PLANTS   IMPORTED. 

28833  to  28874— Continued. 

28869.  Iris  unguicularis  Poir. 

"Leaves  about  six  in  a  tuft,  finally  1^  to  2  feet  long,  bright  green;  tube  5  to  6 
inches  long,  filiform,  exserted  from  the  spathe;  limb  bright  lilac,  rarely  white; 
outer  segments  2^  to  3  inches  long,  1  inch  broad,  with  a  yellow  keel,  streaked 
with  lilac  on  a  white  ground  at  the  throat;  inner  segments  oblong.  Blooms 
in  January  and  February.     Not  hardy."     {Bailey.) 

Distribution. — A  fragrant-flowered  species  coming  from  Algeria. 

28870.  Iris  xiphium  L.  '  Spanish  iris. 
"Leaves  about  1  foot  long,  stem  1  to  2  feet  high;  pedicel  long;  tube  obsolete; 

outer  segments  2  to  2\  inches  long;  violet-purple,  yellow  in  the  center;  inner 
segments  as  long,  but  narrower.     Blooms  in  late  June."     (Bailey.) 

Distribution.- — Spain  and  southern  France,  ascending  to  an  elevation  of  6,000 
feet,  and  in  northern  Africa. 

28871.  MORAEA   sp. 

Note. — This  was  received  as  Moraea  aurantiaca  Eckl.,  which  seems  never  to 
have  been  described. 

28872.  PiSTACIA   LENTISCUS   L. 

See  No.  3011  for  description. 

Distribution. — The  countries  bordering  on  the  Mediterranean  from  Spain 
through  Italy,  Greece,  and  Asia  Minor  to  Syria,  and  in  northern  Africa. 

28873.  Salvia  sclarea  L. 

"A  plant  of  exceptional  interest.  Cultivated  for  its  culinary  and  medicinal 
value  and  also  for  ornament,  but  its  ornamental  value  lies  not  in  the  flowers, 
which  are  pale  purple  or  bluish,  but  in  the  colored  bracts  or  floral  leaves  at 
the  tops  of  the  branches."     [Bailey.) 

Distribution. — Southern  Europe  and  western  Asia,  extending  from  Germany 
eastward  through  Austria,  Italy,  Turkey,  and  southern  Russia  to  Persia,  and 
in  northern  Africa. 

28874.  \'lBURNUM   TINUS   L. 

See  No.  2192  for  description. 

Distribution. — Southern  Europe,  extending  from  Portugal  and  Spain  through 
southern  France  and  Italy  to  Dalmatia,  and  in  northern  Africa. 

28875.  Belou  marmelos  (L.)  W.  F.  Wight.  Bael. 

From  Pusa,  Bengal,  India.  Presented  by  Dr.  A.  Howard,  of  the  Agricultural 
Research  Institute,  through  Maj.  A.  T.  Gage,  Royal  Botanic  Gardens,  Sibpur, 
Calcutta,  India.     Received  September  28,  1910. 

Dalsing  Serai. 

See  No.  24450  for  description  of  this  species. 

28876.  A^rns  sp.   (?) 

From  Hollywood,  Cal.     Presented  by  Mr.  E.  1>.  Slurtevant.     Received  Sei)tem- 
ber  29,  1910. 
"Native  of  the  southern  part  of  the  state  of  Vera  Cruz,  Mexico.     Said  to  bear  beau- 
tiful scarlet  flowers.     It  is  hardy  here,  but  does  not  bloom.     It  might  do  so  in  south 
Florida. "     (Sturtevant.) 

28877.  Cynara  scolymus  L.  Artichoke. 

I'rom  Maison  Carree,  Algeria.     Presented  by  I)r.   J..   Trabut,   Mustapha-Alger, 
North  Africa.     Received  September  29,  1910. 
Violet  Provence. 
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28878.     Passiflora  edulis  Sims.  Passion  flower. 

From  Patras,  Greece.  Grown  by  Mrs.  Crowe.  Presented  by  Dr.  A.  Donaldson 
Smith,  American  consul,  Aguascalientes,  Mexico.  Received  September  29, 
1910. 

"I  have  tasted  the  passion  fruit  in  many  places,  but  the  fruit  from  which  these  seeds 
were  taken  was  the  best.  "     (Smith.) 

See  No.  25874  for  distribution  of  this  species. 

28879  and  28880.     Gossypium  sp.  Wild  cotton. 

From  Mauritius.  Presented  by  Mr.  G.  Regnard,  PortLouis,  Mauritius.  Received 
September  26,  1910. 

Seeds  of  the  following: 

28879.     From  Yemen,  Black  River.     28880.     From  Carcenas,  Black  River. 

"These  cottons  (see  also  No.  2879S)  grow  particularly  at  the  NNE.  and  NW.  of 
the  island  at  different  altitudes  and  under  different  soil  and  climatic  conditions  with- 
out varying  in  growth  and  shape.  "     (Regnard.) 
223 


PUBLICATION  OF  NEW  NAMES. 

28525.  Tritoma  northiae  (Baker)  Skeels. 

28526.  Tritoma  tuckii  (Baker)  Skeels. 

28526  (in  note).     Tritoma  sarmentosa  (Andr.)  Skeels. 

28663.  Lebeckia  cuspidosa  (Burch.)  Skeels. 

28673.  Echeveria  hoveyi  Rose  n.  sp. 

28729.  Ophiobostryx  volubilis  (Harvey)  Skeels. 

28730.  Mondia  whiteii  (Hook,  f.)  Skeels. 
28740.  Pectinea  pauciflora  (Thouars)  Skeels. 
28766.  IIelygia  paddisoni  (Baker)  Skeels. 
28781.  Melocanna  baccifera  (Roxb.)  Skeels. 
287^3.  Argania  spinosa  (L.)  Skeels. 

28868.     Iris  halophila  sogdiana  (Bunge)  Skeels. 
19897.     X  AssoNiA  cayeuxii  (Andre)  Skeels. 

(Dombeya  cayeuxii  Andre,  Revue  Horticole,  vol.  69,  p.  545,  1897.) 

The  name  Dombeya  (Cavanilles,  1787)  seems  to  have  been  quite  generally  used  to 
designate  a  genus  of  sterculiaceous  shrubs  or  small  trees,  but  as  the  same  name  was 
originally  used  (L'Heritier,  1784)  for  a  genus  belonging  to  the  family  Bignoniaceae, 
for  which  the  name  Tourretia  (Fougeroux,  1787)  was  later  proposed,  it  should  not  be 
applied  to  the  genus  established  by  Cavanillee.  In  fact,  the  latter  author  on  a  pre- 
vious page  of  the  same  work  in  which  he  published  Dombeya  established  the  genus 
Assonia  with  the  single  species  A.  populnea  (Tertia  Dissertatio  Botanica,  p.  120,  pi. 
42,  fig.  1,  1787).  This  species  is  now  recognized  as  congeneric  \\'ith  the  various  species 
referred  to  Cavanilles's  Dombeya,  and  Assonia  should  therefore  be  considered  the  valid 
name  for  the  genus  in  question.  It  should  be  noted  that  both  the  names  Assonia  and 
Dombeya  were  proposed  by  Cavanilles  in  1786  (Secunda  Dissertatio  Botanica,  app.),  but 
without  mention  of  species. 

Cuttings  of  the  species  listed  were  received  in  1907  as  "Dombeya  spectabilis{?) " 
and  were  later  distributed.     Dr.  Franceschi  of  the  Montarioso  Nursery,  Santa  Barbara, 
Cal.,  who  received  some  of  the  cuttings,  called  attention  to  the  identity  of  the  plant 
with  Dombeya  cayeuxii  Andre. 
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Acacia  litakunensis,  28662. 

robusta,  28550. 
Acer  oblongum,  28833. 
Actinidia  kolomikta,  28686. 
Agave  lespinassei,  28325. 

zapupe,  28326. 
Albizzia  julibrissin,  28371. 
Aleurites  violuccana,  28597. 
Alfalfa,  Guaranda,  28359. 

(India),  28538,  28539. 
See  also  Medicago  saliva. 
Allium  cepa,  28598  to  28603. 
Almond  (Russia),  28801,  28802. 
Althaea  sulphurea,  28834. 
Amygdalus  communis,  28801,  28802. 
Andropogon  pertusus,  28679. 
refr actus,  28680. 
sorghum,  28733. 
squarrosus,  28331. 
Anona  sp.,  28610. 

cherimola,  28611,  28714. 

montana,  28763. 
Antholyza  sp.,  28372. 
Aphloia  theaeformis,  28667. 
Apricot,  Japanese,  28685. 
Aquilegia  oxysepala  X  canadensis,  28373. 
Argan.     See  Argania  spinosn. 
Argania  spinosa,  28783. 
Aristotelia  macqui,  28776. 
Arracacia  xanthorrhiza,  28583. 
Artichoke,  Violet  Provence,  28877. 
Artocarpus  communis,  28796. 
Asparagus  acutifolius,  28835. 
Assonia  spectabilis,  28715. 
Arena  saliva,  28585  to  28587. 
Azalea  nudiflora  X  sinensis,  28377. 

Bael,  Dalsing  Serai,  28875. 
Ballota  hispanica,  28837. 

pseudodictammis,  28836. 
Bamboo  (India),  28369,  28607. 

Muli,  28781. 
Bumbos  arundinacea,  28369. 
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Banana  (Surinam),  28569  to  28582. 
Barberry.     See  Berberis  spp. 
(Arizona),  28713. 
Bafley  (Algeria),  28596. 

hull-less  (Russia),  28624. 
Bauhinia  galpini,  28716. 

petersiana,  28717. 
picta,  28718. 
Bean,  Bonavist,  28736. 

horse,  28345,  28356,  28621,  28659. 
Winter,  28645. 
Belou  marmelos,  28875. 
Benincasa  cerifera,  28838. 
Berberis  fremontii,  28713. 

napaulensis,  28839. 
stenophylla,  28378. 
thunbergii     X     vulgaris,     28379, 
28380. 
Boscia  undulata,  28719. 
Bromelia  sp.,  28689. 
Brunsfelsia  americana,  28720. 
Buddleia  brasiliensis,  28840. 
globosa,  28841. 

Cajan  indicum,  28734. 

Calpurnia  aurea,  28721. 

Canariwn  luzonicum,  28810. 

Candlenut.     See  Aleurites  moluccana. 

Candle  tree.     See  Parmentiera  cereifera. 

Capsicum  annuum,  28632,  28633. 

"Caraguata,"  28689. 

Carica  papaya,  28533  to  28536. 

Carissa  grandiflora,  28722. 

Carob  (Spain),  28739. 

Castanea  pumila  X  saliva,  28381. 

Catha  edulis,  28327,  28825. 

Celastrus  articulatus,  28382. 

Celtis  occidentalis,  28842. 

Ceratonia  siliqua,  28739. 

Cervicina  undulata,  28541. 

Chaetochloa  italica,  28735. 

nigrirostris,  28544. 
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Chenopodium  quinoa,  28634,  28644. 
Cherimoya  (Australia),  28611. 

(Peru),  28714. 
Cherry  (Russia),  28809. 
Chick-pea  (Colorado),  28604. 

(Russia),  28620. 
Cicer  arietinum,  28604,  28620. 
Cistus  albidus  X  crispus,  28843. 
Citrus  aurantium,  28786. 
macracantha,  28787. 
tri/oUata,  28383. 
Clematis  integrifolia,  28844. 
Clover,  Bur.     See  Medicago  hispida  dcn- 

ticulnta. 
Combretum  apiculatum,  28342. 
Corchorus  capsulnris,  28784. 
Corn  (Africa),  28614,  28615,  28661. 
(Peru),  28643. 

WTiite  Botman,  28614,  28615. 
CorylusaveUana,  28803. 

maxima,  28804,  28805. 
Cotton  (Australia),  28711. 
(Honduras),  28364. 
(Mauritius),  28798,  28879,  28880. 
Cowpea  (Brazil),  28617. 

tan,  28829. 
Crataegus  sp.,  28846. 

crenulata,  28845. 
Crotalariacandicans,  28344,  28358,  28606. 

capensis,  28847. 
Cynara  scolymus,  28877. 
Cypress,  Mlanje,  28690. 
Cytisus  proliferus,  28827. 

Bendrocalamus  strictus,  28607. 
Deutzia  scabra  X  discolor,  28384. 
Dichelachne  crinita,  28681. 
Dioscorea  sp.,  28780. 
Diospyros  sp.,  28352. 

discolor,  28351. 

microcarpa,  28343. 

montana  cordifolia,  28684. 

percgrina,  28584. 
Dolichos  lablab,  28736. 
Davy  alls  caffra,  28723. 
Dracaena  rumphii,  28724. 
Primys  viinteri,  28773. 

Echeveria  hoveyi,  28673. 
Echium  simpler,  28828. 
Ehretia  acuminata,  28669. 
Elaeagnus  angustifolia,  28806. 
Elaeocarpus  ep.,  28668. 
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Eleusine  coraruna,  28737. 
Eragrostis gummijiua,  28549. 

lappula  divaricata,  28542. 

lehmanniana,  28653. 

plana,  28545. 
ErewMrvM  sp.,  28649. 
Erodium  sp.,  28775. 
Erythroxylon  laurifolium,  28360. 
Eucalyptus  crehra,  28848. 

Ichmanni,  28849. 
robusta,  28682. 
Eugenia  glomerata,  28741. 

Feronia  lucida,  28799,  28800. 
Festuca/enas,  28355. 
Field  pea.     See  Pea,  field. 
Filbert  (Russia),  28804,  28805. 
Fragaria  sp.,  28388,  28389. 

filipendula,  28385. 

indica,  28386. 

moschata,  28387. 
Freesia  refracta,  28390  to  28396. 
Furcraea  sp.,  28812. 

Geranium  robertianum  28774. 
Gerbera  jamesoni,  28397. 
Gevuina  avcllana,  28772. 
Ginger  (Mexico),  28675. 
Gladiolus  s]).  (No.  74)  X  primulinus,  28418, 
alalxu^,  28398. 

X  cardinalis,  28399. 
X  colvillii,  28400. 
X  primulinus,  28401, 

28402. 
X  tristis,  28403. 
byzantinus,  2S404. 

(albv^)  X  primu- 
linus, 28405. 
cardinalis,  28407. 

X  grandis,  28408. 
X  pn'muZmus, 28409. 
colvillii       X  purpureo-auratus, 

28410. 
cru£ntus,  28411. 

X  ?,  28412. 
grandis  X  alatus,  28413. 

X  primulinus,  28414. 
papilio  X  "Precious",  28415. 
primulinus  X  "G  o  1  d  b  u  g,  " 
28416. 
X  grandis,  28417. 
psittacinus    X    "Very    Odd," 
28419. 
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Gladiolus  purpurco-auratus   X  cnrdinalis, 
28420. 
qunrtinianiia,  28421. 

X  ?,  28422. 
ramosus  X  cohillu,  28423. 
salmoneus,  28424. 

X  quar  tinirni  7t  .9, 
28425. 
tristis  X  colvillii,  28426. 
X  vittatus,  28427. 
vittatus  X  primulinus,  28428. 
watsonius  X  grandis,  28429. 
Gossypium   spp.,     283G4,     28711,    28798, 

28879,  28880. 
Grape  (Elqui,  Chile),  28637  to  28642. 
Italia,  28637,  28638. 
Negra,  28641,  28642. 
Pastilla,  28639,  28640. 
Grass,  cuscus.     See  Andropogon  squarro- 
sus. 
molasses,  28768. 

"Negro  Head,"  28767. 
See  also  Melinis  mirmtijiora. 
Guava  (Mexico),  28811. 

(Paraguay),  28688. 
Gum,  Lehmann's,     See  Eucalyptus   Ich- 
manni. 

Hazelnut  (Russia),  28803. 
Helygia  paddisoni,  28766. 
Hemerocallis  aurantiaca  (major)  X  citrina, 
28431. 
magnifica,  28432. 

X  florham,  28433. 
Hibiscus  syriacus,  28430. 
Eippeastrum  rutilum  X  rittalum,  28434. 

vittatum  X  ?,  28435. 
Eordeum  spp.,  28596,  28624. 
Husbands,  Jos6  D.,  seeds  and  cuttings 
secured,  28634  to  28642,  28708  to  287 10, 
28772"  to  28779. 

Indigo/era  sp.,  28725. 
Iris  albopurpurea,  28851. 

atropurpurea,  28437. 

atrofusca,  28436. 

attica,  28852. 

bartoni,  28438. 

bismarckiana,  28439. 

cengialti,  28853. 

chamaeiris  italica,  28858. 

olbiensis,  28862. 

cristata,  28440, 


Iris  delavayi  X  sibirica,  28441, 
foetidissima,  28855. 
fulra,  28442. 
germanica,  28856. 
gracilipes,  28443. 
grant-duffii,  28444. 
halopkila,  28857. 

sogdiana,  28868. 
helenae,  28445. 

hexagona  X  missouriensis,  28446. 
himalaica,  28447. 
horolkowi,  28449. 
lacustris,  28451. 
laevigata,  28448. 
lortetii,  28452. 
lutescens,  28859. 

milesii  X  tedorum,  28453,  28454. 
missouriensis,  28861. 
monnieri,  28455. 
nigricans,  28458. 
obtusifolia,  28456. 
orientalis,  28863. 
pallida,  28457. 
paradoxa,  28864. 

X  pumila,  28450. 

X  samburina,  28459. 
prismatica,  28865. 
ruthenica,  28866. 
setosa,  28867. 
sibirica,  28860. 

X  ?,  28460,  28461. 
X  delavayi,  28462. 
sofarana,  28463. 
spuria  daenensis,  28854. 
straussi,  28464. 

suaveolens  X  lutescens  statellae,  28465, 
tedorum,  28466. 

X  milesii,  28467. 
tenax,  28468. 

X  versicolor,  28469. 
unguicularis,  28869. 
verna,  28470. 
versicolor,  28471. 
xiphium,  28870. 
Ironbark,  narrow-leaved,  28848. 

Juglans  cordiformis,  28472. 

X  regia,  28473. 
sieboldiana,  28474. 
Jute,  28784. 

Kapoelasan.     See  NepheUum,  mutabile. 
Khat.     See  Catha  edulis. 
Kurrajong  tree,  28683. 
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Lachenalia  pendula,  28475. 

X    tricolor,    2847G   to 
28478. 
tricolor,  28479. 
Lathyrus  latifolius,  28480. 

polyphyllus,  28823. 
sativus,     28367,     28595,     28618, 
28762.  28813,  28814. 
Lebeckia  cuspidosa,  28663. 
Lens  esculcnta,  28625. 
Lentil,  28625. 
Liliacese,  28361,  28362. 
Liliumsp.,  28488. 

henryi  X  speciosum,  28481. 
X  superbum,  28482. 
maculatum  X  martagon,  28483. 
philippinensc     X     longiflorum, 

28484. 
puberulum  X  linifolium,  28485. 
speciosum,  28486. 

X  henryi,  28487. 
Lily,  Ellen  Wilmot,  28488. 

Mabola.     See  Diospyros  discolor. 
Magnolia  campbellii,  28660. 
Mahogany,  swamp,  28682. 
Malus  baccata  X  sylvestris,  28489. 
Mangi/era  indica,  28551  to  28568,  28612, 
28613, 28627  to  28631,  28676, 28677, 28691 
to  28703,  28748  to  28760,  28816  to  28822. 
Mango,  Alphonse,  28552. 

Alphonso,  28556. 

Amin,  28627. 

Amin,  Calcutta,  28700. 

Amini,  28816. 

Badami,  28817. 

Badsha,  28748. 

Baromassia,  28557. 

Bhadoorea,  28558. 

Bombay  (green),  28755. 

Borsha,  28628. 

Bulbulchasm,  28699. 

Chickna,  28702. 

(Costa  Rica),  28676,  28677. 

Dampara,  28564. 

Ennurea,  28694. 

Faizan,  28695. 

Fajri  (long),  28757. 
(round;,  28756. 

Faquirmala,  28703. 

Fernandez,  28629,  28749. 

Gola,  28752. 

Gopalbhog,  28693. 

Gudbeli,  28750. 
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Mango,  Hathijhul,  28701. 

Heart,  28565. 

Jaffna,  28566. 

Kadarapasant,  28553. 

Kala  Hapoos,  28613. 

Khaparia,  28753. 

Lamba  Bhadra,  28758. 

Langra,  28754. 

Malda,  28759. 

(large),  28559. 
(small),  28560. 

Mulgoa,  28818. 

Najibabadi,  28760. 

Pakria,  28554. 

Paranay,  28561. 

Parrot,  28567. 

Peter  pasant,  28630. 

Peters,  28562. 

P'ote  (?),  28751. 

Puttu,  28819. 

Pyrie,  28612. 

Raspuri,  28820. 

Romani,  28821. 

Rupee,  28568. 

Sanduria,  28691. 

Sharbati  (brown),  28698. 

Shendrya,  28631. 

Sierra  Leone,  28551. 

Singapuri,  28692. 

Soondershaw,  28563. 

Sunahra,  28697. 

Sundersha,  28822. 

Tamancha,  28696. 

Totafari,  28555. 
Maple.     See  Acer  oblongum. 
Medicago  sp.,  28790. 

carstiensis,  28532. 
hispida  denticulata,  28788. 
orbicularis,  28789. 
sativa,  28359,  28538,  28539. 
tunetana,  28646. 
Melica  riolacea,  28778. 
Mdilotus  segctalis,  28357. 
Mclinis  minutiflora,  28767,  28768. 
Mclocanna  baccifera,  28781. 
Mcriana  sp.,  28743. 

Meyer,  F.  N.,  seeds  and  plants  secured, 
28618  to  28625,  28648,  28649,  28801  to 
28809. 
Millet,  Pearl,  28738. 

Ragi,  28737. 
Mimosa  rubicaulis,  28726. 
Mimusops  sp.,  28797. 

imbricaria,  28670. 
Mondia  ichiteii,  28730. 
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Moraea  sp.,  28871. 

bicolor,  28712. 
iridioides,  28727. 
Musa  spp.,  28569  to  28580. 
rosacea,  28581. 
zebrina,  28582. 
Myrica  nagi,  28609. 
Myrobalan,  belleric,  28329, 

black,  28330,  28354. 
emblic,  28328. 
Myrlds  sp.,  28635. 

Narcissus     incomparabilis     X     poeticus, 

28490. 
Nephelium  lappaceuni,  28335  to  28341. 
mutabile,  28332  to  28334. 

Oat,  Earliest,  28585. 

Ligovo,  28586. 

new,  28587. 

Sixty-Day,  28585. 
Oleaster,  28806. 

Oniou,  Bermuda  Red,  28598,  28601. 
White,  28599,  28602. 
Crystal  Wax,  28600,  28603. 
Ophiobostryx  volubilis,  28729. 
Opuntia  sp.,  28626. 
Oryza  saliva,  28346  to  28350. 

Paeonia  sp.,  28492. 

suffruticosa,  28491. 
"Palo-de-vaca."     See  Piratinera  utilis. 
Panicum  maximum  hirsutissimum,  28546. 
Papaya  (Panama),  28533  to  28536. 
Parmentiera  cereifera,  28674. 
Passiflora  capsularis,  28687. 

edulis,  28353,  28826,  28878. 
Passion  flower.     See  Passiflora  edulis. 
Pea,  field  (Russia),  28619. 

See  also  Chick-pea  and  Cowpea. 
Pectinea  pauciflora,  28740. 
PenniseLum  americanum,  28738. 
Pepper,  Nepal,  28632,  28633. 
red,  28632. 
yellow,  28633. 
Persea  meyeniana,  28636. 
Phaseolus  max,  28765. 
Philadelphus  coronarius,  28494 . 

X    microphyllus, 
28493. 
Phyllanthu^  emblica,  28328. 
Picea  breweriana,  28370. 
Pili  nut.     See  Canarium  Imonicum. 
Piratiriera  utilis,  28785. 
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Pistache  (Russia),  28807. 
Pistacia  lentiscus,  28872. 

•    vera,  28807. 
Pisum  sativum,  28619. 
Platycodon  grandiflormn,  28495. 
Plum  (Russia),  28808. 
"Plumcot,"  28745. 
Podachaenium  eminens,  28850. 
Potato  (Arizona),  28770. 
(Chile),  28665. 
(France),   28705  to  28707,-  28731, 

28732. 
(Mexico),  28771. 
(Paraguay),  28747. 
(Uruguay),  28746. 
Prunus  sp.,  28745. 

cerasus,  28809. 
domestica,  28808. 
mume,  28685. 

simonii  X  americana,  28496. 
Psidium  guajava,  28688,  28811. 
Pyrus  chinensis  X  communis,  28497. 

Quamasia  leichtlinii  X  cusickii,  28498. 
Quinoa,  28634,  28664. 

Ramboetan,  28335  to  28341. 
Raspberry,  yellow  (China),  28658. 
Ribes  cynosbati  X  reclinatum,  28499. 

missouriense  X  reclinatum,  28500, 

28501. 
X  rotun- 
d  ifo  - 
Hum, 
28502. 
reclinatum  X  rotundifolium,  28503. 
Rice  (Philippine  Islands),  28346  to  28350. 
Rollinia  sp.,  28704. 
Rosa  spp.,  28515  to  28522. 
chinensis,  28504. 

ferruginea  X  Paul  Neyron,  28506. 
laevigata    X    Frau    Karl    Druschki, 

28505. 
lutea  X  Harrison's  Yellow,  28507. 
multiflora  X  lutea,  28508. 
rugosa  X  ?,  28512,  28513. 

X  Ards  Rover,  28511. 
X  chinensis,  28509. 
(alba)  X  chinensis  {I)Q\om.Gn- 
sis),  28510. 
soulieana,  28514. 
Rose,  L^on,  28516. 

Richmond,  28518. 

Victor  Hugo,  28509,  28519. 
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Rubus  sp.,  28658. 

neglectus  X  idaeus,  28523. 

X  strigosus,  28524.  ■ 
Rye,  "Old-breeding,"  28782. 

Salix  humboldtiana,  28709,  28710. 

vitellina,  28708. 
Salvia  sclarea,  2887.3. 
Sanguisorba  minor,  28779. 
Secale  cereale,  28782. 
Solarium  i^Y>]).,  28656,  28657,  28747,28771. 

commersonii,  28707,  28746. 

jamesii,  28770. 

maglia,     28705,     28706,     28731, 
28732. 

tuberosum,  28665. 
Sorghum  (Africa),  28733. 
Spinifex  hirsutus,  28547. 
Spruce,  veiled.     See  Picea  breweriana. 
St£rculia  diversifolia,  28683. 

Tagasaste.     See  Cytisus  proliferus. 
Talauma  mutabilis,  28794. 
Tambourissa  amplifolia,  28671. 
Tecoma  berteroi,  28728. 
Terminalia  bellerica,  28329. 

chebula,  28330,  28354. 
Torchwood,  Mauritius,  28360. 
Trichilia  dregeana,  28616, 
Trichloris  mendocina,  28540,  28548. 
Tricholaena  rosea,  28537. 
Trifolium  agrarium,  28791. 
clypeatum,  28792. 
scutatum,  28793. 
Trisetum  spicatuvi,  28543. 
Tritieum  aestiviim,  28365,  28588  to  28592. 

durum,  28593,  28622,  28623. 

turgi^um,  28655. 
Tritoma  northiae,  28525. 

tuckii,  28526. 
X  Tritonia,  "Prometheus,"  28527. 
Tulip  (Turkestan),  28648. 
Tulipa  sp.,  28648. 


Undetermined,    28361    to   28363,    28672, 
28742,  28777. 

Vetch,  bitter.     See  Vicia  ervilia. 

giant.     See  Vida  gigantea. 
Viburnum  tinus,  28874. 
Vicia  ervilia,  28368,  28594,  28761,  28815. 
faba,    28345,    28356,    28621,    28645, 

28659. 
gigantea,  28824. 
VIgna  unguiculata,  28617,  28829. 
Vitis  pp.,  28876. 

vinifera,  28637  to  28642. 

•X  {aestivalis    X    labrv^ca) 
28528. 
Voandzeia    subterranea,    28744,    28830    to 
28832. 

Wheat,  brown  bearded,  28588. 

Crossed  Wheat  No.  1,  28589. 

Improved  Banat,  28590. 

(Russia),  28622,  28623. 

(Spain),  28655. 

Triumph  of  Podolia,  28591. 

(Turkey),  28365. 

white  bearded,  28592. 

white  spring,  28593. 
Widdringtonia  irhytei,  28690. 
Willow  (Chile),  28708  to  28710. 
Woandsu.     See  Voandzeia  subterranea. 

Yucca  filamentosa,  28529. 
flaccida,  28530. 

Zantedeschia  elliottiana     X     pentlandii, 
28374. 
rehmanii  X  pentlandii,  28375, 
28376. 
Zapupe,  Estopier,  28326. 
Vincent,  28325. 
Zea  mays,  28614,  28615,  28643,  28661. 
Zephyranthes  sulphurca,  28531. 
Zinzibersp.,  28675. 
Ziziphus  jujuba,  28764. 
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LETTltR  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  Chief  of  Bureau, 

Washington,  D.  C,  May  26,  1911. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
pubHcation  as  Bulletin  No.  224  of  the  series  of  tliis  Bureau  the  accom- 
panying manuscript,  entitled  "Timotlw  Rust  in  the  United  States," 
by  Mr.  Edward  C.  Johnson,  of  the  Office  of  Grain  Investigations  of 
this  Bureau. 

Timothy  rust,  first  reported  in  the  United  States  in  1882,  has 
become  an  important  problem  in  recent  years.  In  1906  it  was  abun- 
dant in  the  timothy-breeding  plats  at  the  Arlington  Experimental 
Farm,  near  Washington,  D.  C.  Since  then  it  has  become  widespread, 
causing  considerable  damage  in  many  localities,  and  its  ultimate  dis- 
tribution over  all  timothy-growing  regions  wdiere  conditions  are  favor- 
able to  rust  development  is  to  be  expected.  This  paper  discusses  the 
present  known  distribution  and  relationships  of  the  rust  of  timothy 
and  summarizes  previous  investigations  of  this  disease  in  Europe  and 
America.  New  information  on  its  physiological  specialization  and 
methods  of  winter  survival  and  on  the  resistance  of  timothy  strains 
and  varieties  to  rust  is  also  presented. 
Respectfully, 

Wm.  a.  Taylor, 

Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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TIMOTHY  RUST  IN  THE  UNITED  STATES. 


DISTRIBUTION   OF   THE    RUST   OF   TIMOTHY. 

Rust  of  timoth}^  was  reported  in  this  country  by  Trelease  as 
early  as  1882/  Farlow  and  Seymour,  on  the  basis  of  this  report, 
mentioned  Puccinia  graminis  on  Phleum  pratense  L.  from  the  United 
States  in  their  "  Host  Index  of  the  Fungi  of  the  United  States"  (1888). 
Rust  of  timothy  was  reported  as  causing  considerable  damage  in  the 
experimental  plats  at  the  Iowa  experiment  station  in  1891.^  From 
1891  to  1906  the  parasite  seems  to  have  been  little  in  evidence 
throughout  the  country,  and  the  writer  has  been  unable  to  find  any 
mention  of  it  during  those  years. 

In  1906  the  rust  became  epidemic  in  the  experimental  plats  at  the 
Arlington  Experimental  Farm.  In  1907  it  was  epidemic  at  points  in 
New  York  and  Virginia;  it  was  also  reported  from  Delaware,  West 
Virginia,  and  Ontario,  Canada.  In  1908  this  rust  was  widespread 
and  caused  much  damage  in  New  York,  Pennsylvania,  Delaware, 
Maryland,  and  Virginia;  it  was  also  reported  from  West  Virginia, 
Ohio,  Michigan,  Wisconsin,  and  Minnesota.  In  1909  the  rust  was 
common  in  many  of  the  States  mentioned  and  in  addition  was 
reported  from  Indiana,  Kentucky,  Iowa,  and  Maine.  In  1910  it  was 
observed  in  many  vStates  from  which  it  had  been  previously  reported, 
and  in  considerable  quantity  in  Virginia,  New  York,  Michigan,  and 
Minnesota.  In  the  last  State  it  was  collected  at  both  New  Richland 
and  Owatonna,  and  in  August  was  exceedingly  abundant  in  timothy- 
pastures  around  Crookston.  Thus,  from  being  only  locally  observed 
in  1906,  this  rust  was  widespread  in  1909  and  1910,  having  been 
reported  from  Maine  to  Ontario  and  northern  Minnesota,  and  south  to 
Iowa,  Kentucky,  and  Virginia.^ 

>  Trelease,  William.  Parasitic  Fungi  of  Wisconsin.  Transactions  of  the  Wisconsin  Academy  of  Sciences, 
18S2,  p.  131.  A  specimen  collected  in  Wisconsin  was  kindly  sent  to  us  for  examination  by  Dr.  Trelease 
from  the  Missouri  liotanical  Gardens.  It  was  rather  unsatisfactory,  as  it  consisted  of  only  one  rusted 
leaf,  and  thus  may  have  been  inaccurately  determined,  leaving  some  doubt  as  to  the  authenticity  of  this 
early  report. 

s  Wilson,  J.,  Curtis,  C.  F.,and  Kent,  D.  A.  Time  of  Sowing  Grass  Seed.  Bulletin  15,  Iowa  Agricultural 
Experiment  Station,  1891,  pji.  285-280. 

3  The  writer  is  indebted  to  botanists  and  plant  pathologists  at  the  various  agricultural  experiment  sta- 
tions and  to  J.  J.  Davis,  M.  W.  Evans,  E.  M.  Freeman,  R.  A.  Harper,  Frank  D.  Kern,  W.  J.  Morse,  C.  V. 
Piper,  H.  N.  Vinall,  H.  J.  Webber,  and  others  who  have  answered  letters  of  inquiry  in  regard  to  the  rust 
on  timothy  or  have  given  information  as  to  its  prevalence  in  various  localities. 
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8  TIMOTHY  RUST   IN   THE   UNITED   STATES. 

DESCRIPTION   OF   TIMOTHY   RUST. 

The  timothy  rust  is  very  similar  in  general  appearance  and  mor- 
phological characteristics  to  Puccinia  graminis  Pers.  on  wheat.  It 
attacks  both  leaf  and  stem,  forming  long,  yellowish-brown  uredo 
pustules  and  dark-brown  to  black  teleuto  pustules,  which  rupture  the 
epidermis.  At  times  it  also  attacks  the  head,  often  preventing  the 
formation  of  seed.  The  uredospores  are  most  prevalent,  while  the 
teleutospores  are  less  abundant. 

The  uredospores  are  18  to  27//  in  length  and  15  to  19/t  in  width; 
the  teleutospores,  38  to  52  /«  in  length  and  14  to  16 ,«  in  width.  This  is 
the  same  range  as  that  of  the  corresponding  spores  of  Puccinia 
graminis  Pers.  on  wheat,  but  the  variation  is  not  quite  as  great  as  in 
the  wheat  rust.  The  teleutospores  are  constricted  in  the  middle  and 
have  a  much  thickened,  round  or  pointed  apex  and  pedicels  of 
medium  length,  and  closely  resemble  those  of  the  typical  Puccinia 
graminis  Pers. 

RELATIONSHIP     AND     PHYSIOLOGICAL     SPECIALIZATION     OF 

TIMOTHY  RUST. 

In  1908  and  1909  inoculation  experiments  on  various  grasses  were 
undertaken  at  Washington,  D.  C,  to  determine  the  relationship  of 
the  rust  of  timothy  to  rusts  of  other  hosts  in  this  country  and  to 
ascertain  whether  or  not  it  is  the  same  form  as  that  wliich  occurs  in 
Europe.  Collections  were  made  at  the  Arlington  Experimental 
Farm,  and  fi'esh  material  in  the  uredo  stage  was  kept  gromng  in  the 
greenhouses  at  Washington,  D.  C.  AU  inoculations  were  made  on 
young,  fresh  leaves  of  the  host  plants  growing  in  pots.  The  plants 
were  kept  moist  for  48  hours  after  inoculation  by  placing  the  pots  in 
moist  chambers  consisting  of  large  bell  jars  placed  in  pans  containing 
sand  and  a  little  water.  In  this  way  a  thin  film  of  water  soon  con- 
densed on  the  leaves  and  remained  as  long  as  the  plants  were  covered. 
This  gave  ideal  conditions  for  spore  germination  and  for  infection. 
The  results  of  these  inoculations  are  reported  in  Table  I. 
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Table  J.— Results  of  experiments  in  inoculating  various.grasses  with  uredospores  of  rust. 


Serial 
No. 

Date  of  inocu- 
lation. 

Source  of  inoculating 
material. 

Varieties  of  plants  inoculated. 

Number 
of  leaves 
inocu- 
lated. 

Number 
of  suc- 
cessful 
infec- 
tions 
during 
incuba- 
tion pe- 
riod of 
17  to  21 
days. 

1 

Jan.    25.1908 
Feb.     3, 1908 
Jan.    25,1908 
do 

Triticum  vulgare 

10 
25 
10 
10 
20 
23 
25 

5 
36 
24 
42 
22 
25 
16 
59 
18 
18 

3 
IS 
29 
33 
60 
33 
10 
25 

9 
16 
14 
24 
17 
28 
44 
31 
11 
40 

7 

C 

2 

Triticum  vulgare 

Phleum  pratense 

( 

3 

Phleum  Dratense 

Hordeum  vulgare 

I 

4 

do 

A  vena  sativa 

6 

5 

Feb.  18,1908 
Feb.     3, 1908 

do 

Jan.    25,1908 
Feb.  18,1908 
Feb.     7,1908 
Feb.     4,1909 
Feb.  20,1908 
Jan.    23,1909 
Feb.     4, 1909 
Feb.  13,1909 
Feb.  20,1908 
Jan.    27,1909 
Feb.     4, 1909 
do. 

do 

do 

11 

6 

Phleum.  pratense 

0 

7 

Phleum  Dratense 

do 

19 

s 

do 

Secale  cereale 

1 

9 

do 

.do 

7 

10 

do 

Festuca  elatior 

6 

11 

..do 

do 

0 

12 

do 

Dactylis  glomerata 

6 

13 

do 

.do 

1 

14 

do.  .                  

.  ...do 

6 

15 

.do 

do 

9 

16 

..  ..do 

Arrhenatherum  elatius 

.do 

0 

17 

do 

6 

18 

do         

do 

2 

19 

.do 

Poa  compressa 

6 

20 

Feb.    8, 1909 
do 

do 

do 

7 

21 

do 

Poa  pratensis 

0 

22 

Feb.     7, 1908 
Jan.    27,1909 
Feb.     4, 1909 
Jan.    23,1909 
Feb.    8, 1909 
Mar.    7, 1908 
Feb.  20,1908 
do 

do 

Elvmus  virginicus 

0 

23 

do 

do 

0 

24 

.do 

do 

0 

25 

do 

Elymus  canadensis 

0 

26 

.do 

.do 

0 

27 

.do 

Elymus  robustus 

0 

28 

.  ..do 

Agropyron  occidentale 

Hordeum.  jubatum 

0 

29 

do. 

0 

30 

Mar.    7.1908 
.do.. 

.do 

Phalaris  arundinacea 

0 

31 

...do 

Holcus  lanatus 

0 

32 

Feb.     4, 1909 
Feb.     8, 1909 
Feb.  13,1909 
Jan.    23,1909 
Jan.    27,1909 

do 

Hystrix  h vstrix 

0 

33 

.do 

Agrostis  alba 

0 

34 

...do 

do 

0 

35 

do           

Bromus  unioloides 

0 

36 

.do 

do 

0 

The  rust  rather  easil3^  transferred  to  Avena  sativa  (17  out  of  30 
inoculations),  Secale  cereale  (8  out  of  41  inoculations),  Festuca 
elatior^  (6  out  of  66  inoculations),  Dactylis  glomerata.  (22  out  of  122 
inoculations),  ArrJienatlierum  elatius  (8  out  of  47  inoculations),  and 
Poa  compressa  (13  out  of  47  inoculations).  Inoculations  on  other 
grasses  produced  no  infection.  Similar  results  were  obtained  by 
Eriksson  ^  in  inoculation  experiments  with  this,  rust  on  Avena  sativa. 
Secale  cereale,  and  Festuca  elatior}  No  inoculations  on  Dactylis 
glomerata,  Arrhenatherum  elatius,  or  Poa  comjiressa  are  cited  in  his 
re})ort.  Direct  inoculation  on  Triticum  vulgare  and  Hordeum  vulgare 
gave  negative  results  in  10  trials  each,  thus  corresponding  to  the 
negative  results  in  numerous  similar  trials  of  Eriksson.^     From  these 

'  The  tall  meadow  fescue  was  used  in  our  work.  It  is  probable  that  the  same  variety  was  used  by  Eriks- 
son, as  this  is  the  common  form  known  by  that  name  in  Sweden. 

*  Eriksson,  Jakob.  1st  der  Timotheengrasrost  eine  selbstandige  Restart  Oder  nicht?  Ofversigt  af  Ken 
gliga  Svenska  Vetenskaps-Akademlens  Forhandlingar,  no.  5,  1902,  pp.  193-196. 

92430°— Bui.  224—11 2 


10  TIMOTHY   EUST  IN   THE   UNITED   STATES. 

experiments  it  may  be  concluded  that  the  rust  in  the  United  States 
and  the  rust  in  Europe  are  identical,  and  the  statement  by  Eriksson  ^ 
that  it" is  not  a  well-fixed  species  is  substantiated.  Although  timothy 
rust  can  easily  be  transferred  to  Avena  sativa,  Eriksson  ^  and  Carle- 
ton  ^  have  sho^^^l  that  the  uredo  of  Puccinia  graminis  avenue  Erikss. 
and  Henn.  can  not  be  made  to  grow  on  timothy.  This  rust,  however, 
can  easily  be  transferred  to  Dadylis  glornerata  and  Arrlienatlierum 
elatius.'  Timothy  rust  also  transfers  to  these  hosts  (Table  I).  These 
rusts,  therefore,  although  not  identical,  have  many  characteristics  in 
common,  wliich  indicates  that  there  probably  is  a  very  close  relation- 
ship between  the  two. 

A  small  number  of  experiments  to  test  whether  or  not  the  timothy 
rust  can  be  transferred  by  means  of  bridging  hosts  to  various  cereals 
which  are  not  successfully  mfected  directly  from  tmiothy  were  tried 
and  it  was  foimd  that  by  using  Avena  sativa  as  a  bridgmg  host  the 
rust  easily  transferred  to  Hordeum  vulgare  (4  times  in  10  trials) ;  by 
usmg  Festuca  elatior  it  transferred  to  Hordeum  vulgare  (twice  in  10 
trials)  and  to  Triiicum  vulgare  (once  m  10  trials);  and  by  using 
Dactylis  glomerata  it  transferred  to  Triticuw,  vulgare  (once  m  5  trials). 
By  the  use  of  the  bridging  hosts  the  rust  undoubtedly  could  be  made 
to  transfer  to  many  grasses  on  which  it  wUl  not  grow  when  coming 
directly  from  timothy,  but  on  which  it  might  continue  to  grow  after 
such  a  transfer.  That  this  to  some  extent  takes  place  ui  nature  is 
very  probable,  and  these  trials,  together  with  recent  experiments  of  a 
similar  nature  on  the  rusts  of  grams,^  tlirow  much  light  on  the  pos- 
sible origin  of  many  of  the  so-called  "physiological  species"  of  rust. 

iECIDIAL  STAGE  AND  NOMENCLATURE  OF  TIMOTHY  RUST. 

The  gecidial  stage  of  the  rust  is  not  definitely  known.  Eriksson 
and  Hemiing  *  noticed  that  the  timothy  in  the  neighborhood  of  bar- 
berries was  not  affected,  while  other  grasses  in  the  same  locality  were 
rusted.  In  two  trials  in  1891  they  were  unable  to  secure  infection 
on  timothy  with  £ecidiospores  from  Berberis  vulgaris.  In  1892-3 
secidia  on  Berhens  vulgaris  were  obtained  l)y  them  after  inoculation 
with  teleutospores  of  timothy  rust  once  in  nine  trials,  and  that  in  only 
one  place  of  inoculation  against  92  places  inoculated  vnth  negative 
results.  This  one  positive  result  may  have  been  due  to  accidental 
infection  from  some  other  source,  as  two  leaves  on  the  same  bush 

'  Loc.  cii. 

«  Carleton,  Mark  Alfred.    Cereal  Rusts  of  the  United  States.    BuUetin  16,  Division  of  Vegetable  Physiol- 
ORy  and  Pathology,  U.  S.  Dept.  of  Agriculture,  1899,  pp.  (il-(V2. 

3  Freeman,  E.  M.,  and  Johnson,  Edward  C.    The  Rusts  of  Grain  in  the  United  States.    Bulletin  210, 
Bureau  of  Plant  Industry,  U.  S.  Dcpt.  of  Agriculture,  1911,  p.  10. 

«  Eriksson,  Jakob,  and  llenning,  Ernst.    Die  Haupt-Resultatc  einer  neuen  Untersuchung  uber  die 
Getreideroste.    Zeitschritt  fiir  Pflanzenkrankheitcn,  vol.  4,  1894,  p.  140. 
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which  had  not  been  artificially  inoculated  also  produced  aecidia.'  In 
1895  Eriksson  again  made  inoculation  experiments  on  the  barberry 
with  the  teleutospores  of  this  rust,  but  in  25  inoculations  none  was 
successful.-  In  this  country  Kern  ^  in  1908  observed  eight  unsuccessful 
inoculations  on  the  barberry. 

From  their  results  Eriksson  and  Henning  concluded  that  timothy 
rust  does  not  form  its  secidial  stage  on  the  barberry,  while  Kern  ^ 
says  that  "The  one  positive  result  mentioned  ought,  it  seems,  [to]  be 
accorded  more  weight  than  all  the  negative  ones  together,  and  proves 
that  it  [timothy  rust]  does,  even  if  with  difficulty,  form  its  secial 
stage  upon  the  barberry."  Eriksson  and  Henning  regard  the  rust  as 
a  distinct  species  and  name  it  Puccinia  pJilei-pratensis ,  while  Kern 
considers  it  "a  race  of  Puccinia  poculiformis  (graminis)  or  a  so-called 
physiological  species."  Evans  accepts  the  name  Puccinia  pUei- 
pratensis,*  and  in  a  discussion  of  the  development  of  the  uredo  mycelia 
of  the  cereal  rusts  shows  that  there  are  differences  in  the  details  of 
infection  of  this  rust  and  Uredo  graminis,  wliich,  although  slight,  are 
well  marked.  In  a  later  paper  Kern  ^  states  that  he  is  still  of  the 
opinion  that  this  rust  is  not  entitled  to  specific  rank  and  would 
include  it  under  "Puccinia  poculiformis  (Jacq.)  Wettst.,"  i.  e.,  Puc- 
cinia graminis  Pers.  He  modifies  his  previous  statement  as  to  its 
being  a  physiological  species  and  thinks  it  might  better  be  considered 
a  variety  or  subspecies,  ''since  it  does,  as  previously  pointed  out, 
possess  some  slight  morphological  difi'erences  from  the  typical  form, 
particularly  in  the  smaller  secial  cups  and  the  more  deHcate  uredinial 
mycelium." 

From  the  physiological  specialization  of  this  rust,  as  shown  in 
experiments  above  reported ;  from  its  distinctive  method  of  infection 
from  the  uredospore,  as  described  by  Evans;  from  the  diflSculty  with 
which  it  produces  its  secidium  on  barberries,  as  shown  by  Eriksson 
and  Henning;  and  from  the  delicacy  of  the  mycelium  of  the  uvedo 
stage  as  compared  with  the  typical  graminis  form,  as  cited  by  Kern, 
it  is  evident  that  the  rust  of  timothy  has  many  distinctive  character- 
istics, and,  even  if  not  well  fixed,  is  highly  specialized.  Whether  or 
not  it  should  be  regarded  as  a  distinct  species  is,  perhaps,  debatable. 

1  Eriksson,  Jakob,  and  Henning,  Ernst.    Die  Getreideroste,  1894,  p.  137. 

2  Eriksson,  Jakob.  1st  der  Timotheengrasrost  eine  selbstandige  Restart  odor  nicht?  Ofversigt  af 
Kongliga  Svenska  Vetenskaps-Akademiens  Foriiandlingar,  no.  5,  1902,  p.  191. 

«  Kern,  F.  D.    Tlie  Rust  of  Timotliy.    Torreya,  vol.  9,  January,  1909,  p.  4. 

<  Evans,  I.  B.  Pole.  The  Cereal  Rusts.  The  Development  of  Their  Uredo  Mycelia.  Annals  of  Botany, 
vol.  21,  no.  84,  1907,  pp.  446-448.  "The  substomatal  vesicle  is  a  very  definitely  shaped  body  closely  re- 
sembling that  of  J7rfdo  graminis,  but  narrower  *  *  *.  It  differs  from  f/rcdograTT?!?;/.?  chiefly  in  the" fact 
that  the  end  from  which  the  hj-pha  springs  does  not  cling  to  the  head  of  the  guard  cell."' 

sKem,  F.  D.  Further  Notes  on  Timothy  Rust.  Proceedings  of  Indiana  Acadsmy  of  Science,  1909  pp. 
417-418. 
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Some  method  of  differentiating  this  rust  in  literature  from  the  com- 
mon graminis  forms  is  necessary,  however,  and  unless  further  experi- 
ments should  show  that  it  can  produce  its  secidium  on  the  barberry, 
and  until  such  experiments  have  been  performed,  the  writer  favors 
the  use  of  the  specific  name  Puccinia  pMei-pratensis  Erikss.  and  Henn. 

WINTER    SURVIVAL.   OF   TIMOTHY   RUST. 

In  1908  an  effort  was  made  to  determine  how  the  rust  survives  the 
winter  at  the  Arlington  Experimental  Farm.  Timothy  plants  were 
removed  from  the  field  on  January  19  and  March  12  and  were  imme- 
diately potted  and  placed  in  a  greenhouse  at  Washington,  D.  C,  where 
they  could  be  carefully  watched  and  any  further  development  of  rust 
noted.     Table  II  shows  the  results  of  these  experiments. 

Table  II. — Results  of  experiments  on  the  winter  survival  of  the  rust  of  timothy. 


Observations. 

Serial 

Placed 
in  green- 

• 

Nn 

[ 

l^U. 

house. 

Date.    ' 

Result. 

Date. 

Result. 

Date. 

1 

ReSlilt. 

190S. 

1908. 

1908. 

1908. 

1 

Jan.    20 

Jan.    22 

Four   unopened 
pustules    near 
tip  of  one  leaf, 
several    flecks 
in  center. 

Jan.    28 

Pustules  near  tip 
not  open,  three 
fresh  open  pus- 
tules at  center 
where  flecks  oc- 
curred.' 

Feb.     3 

End  of  leaf  dried, 
numerous  fresh 
pustules  over 
remainder  of 
leaf. 

2 

...do.... 

...do.... 

No     rust     pus- 
tules, no  flecks. 

...do 

No  rust 

...do.... 

No  rust. 

3 

...do.... 

...do.... 

Seven  unopened 
pustules       on 

...do 

Several  fresh  open 
justules     on 
3oth  sides    of 

...do.... 

Leaf  covered 
with  vigorous 

upper  side  of 

pustules. 

one  leaf,  sev- 

leaf,     several 

eral  on  lower. 

new  pustules. 

4 

...do 

...do 

Six    pustules 
near  tip  on  up- 
jer  side  of  one 
eaf,    six     on 

...do 

Six    pustules    on 
upper    side    of 
leaf,      six      on 

...do 

New  pustules 
still     fonning, 

old  ones  vigor- 

lower near  tip, 

ously    produc- 

lower. 

■\igorous;    three 
fresh      pustules 
on   upper  side; 
three  on  lower 
near  center,  two 
of  them  open. 

ing  spores. 

5 

...do 

...do 

One  pustule  on 
middle  of  up- 

...do.... 

Leaf  drying 

...do 

Leaf       almost 

dead,  no    new 

5er  side  of  one 

pustules. 

leaf,        leaf 
partly  dried. 
Several  pustules 

6 

Mar.  13 

Mar.  13 

Mar.   19 

No     further     de- 

Mar. 25 

No    further    de- 

at base  of  one 

velopment       of 

velopment     of 

leaf. 

rusl. 

rust. 

7 

...do 

...do 

Unopened    pus- 
tules at  base  of 

...do 

Three   fresh   pus- 
tules   on    leaf; 

...do 

Three  fresh  pus- 
tules   on     eaf. 

one  leaf,  other 

more  than  2  per 

and        several 

leaves  flecked. 

cent      of      the 

fresh  pustules 
on        leaves 

spores      from 

these     pustules 

which     were 

germinated     in 

flecked. 

water. 

8 

...do 

...do.... 

Unopened    pus- 
tules on  many 

...do 

Two    open    pus- 

...do.... 

Fresh  open  pus- 

tules    on     one 

tules  on  many 

leaves. 

leaf. 

leaves. 

9 

...do 

...do 

One  pustule  on 
each    side    of 

...do.... 

No     further     de- 

...do  

No    further    de- 

velopment     of 

velopment     of 

one  leaf  near 
tip. 
Leaves  with  sev- 

rust. 

rust. 

10 

...do 

...do.... 

...do 

do 

...do 

Do. 

eral  unopened 

pustules. 
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It  is  seen  that  some  of  the  ])lants  l)r()uglit  in  on  January  19  and 
March  12,  notably  Nos.  1,  3,  4,  7,  and  8,  continued  to  produce  uredo- 
spores.  At  Ai-hngton,  in  1908,  fresh  rust  pustules  on  new  growth 
of  timothy  were  common  after  March  15.  Undoubtedly  the  old 
rust  mycelium  living  in  the  plants  had  produced  these  pustules. 
S])ores  collected  on  January  20  and  March  13,  1908,  were  found  to 
be  viable. 

Similar  conditions  undoubtedly  prevail  in  other  localities  of  the 
same  latitude  and  similar  climate  wJiere  this  rust  is  found.  How 
the  rust  winters  fartlier  north  has  not  been  determined,  but  in  the 
light  of  recent  investigations  ^  it  is  very  probable  that  it  lives  through 
the  winter  in  the  uredo  stage  much  farther  north  than  the  latitude 
cited.  As  shown  by  specimens  sent  to  the  Office  of  Grain  Investi- 
gations, it  seems  that  teleutospores  of  this  rust  are  more  abundant 
in  northern  latitudes  than  at  the  Al'lington  Experimental  Farm, 
where  they  were  very  scarce  in  1907  and  1908.  At  the  latter  i)lace 
the  parasite  Darluca  flum  (Biv.)  Cast,  largely  prevents  the  forma- 
tion of  the  teleuto  stage,  as  almost  every  pustule  ready  to  produce 
teleutospores  is  attacked  by  tliis  fungus  and  further  development 
is  prevented.  However,  as  the  secidial  stage,  if  present,  is  undoubt- 
edly rare  in  this  country,  the  teleuto  stage  is  of  doubtful  importance 
in  the  wintering  and  dissemination  of  the  rust. 

METHODS   OF   DISTRIBUTION   OF   TIMOTHY   RUST. 

The  rapid  distribution  of  timothy  rust  in  recent  years  is  doubtless 
due  to  the  dissemination  of  the  uredospore  by  the  usual  agencies. 
Insects  have  been  shown  to  be  carriers  of  spores,-  birds  and  other 
animals  may  carry  them  from  place  to  place,  they  may  be  transferred 
from  one  region  to  another  by  man  through  the  shipment  of  rusted 
timothy  hay,  etc.,  but  most  important  is  the  agency  of  the  wind. 
It  has  been  shown  probable  ^  that  the  uredospores  of  rusts  are  dis- 
tributed by  the  wind  not  only  from  field  to  field,  but,  rising  into  the 
npper  air,  are  carried  by  currents  for  hundreds  of  miles.  With  a 
quantity  of  uredospores  on  hand  in  various  localities  early  in  the 
spring,  their  distribution  thus  becomes  an  easy  matter  and  the 
general  dissemination  of  rust  over  large  areas  is  accounted  for. 
Undoubtedly,  in  the  course  of  a  few  years,  the  distribution  of  this 
rust  is  to  be  expected  over  all  timothy-growing  sections  where  con- 
ditions are  favorable  for  its  development. 

With  the  ultimate  dissemination  of  rust  over  the  greater  part  of 
the  timothy  area  a  practical  certainty,  methods  of  preventing  any 

•  Freeman  and  Johnson,  loc.  clt. 

2  Johnson,  Edward  C.    Floret  Sterility  of  Wheats  in  the  Southwest.     Phytopathology,  vol.  1, 1911,  p.  18. 

2  Freeman  and  Johnson,  loc.  cit.;  and  Klebahn,  H.,  Die  wirtswechselnden  RostpUze,  1904,  pp.  68-72. 
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considerable  damage  to  the  timothy  crop  from  this  })arasite  become 
necessarj'.  Only  one  method  at  present  known  can  be  employed 
against  it  with  any  promise  of  success,  and  that  is  the  development 
of  varieties  of  timothy  resistant  to  rust.  To  tliis  end  work  has 
been  commenced. 

RESISTANCE    OF    VARIETIES   OF   TIMOTHY   TO   RUST. 

A  fair  opportunity  was  olfered  to  study  the  resistance  of  varie- 
ties of  timothy  to  rust  and  to  make  selections  for  rust  resistance  at 
the  Arlington  Experimental  Farm  during  1908  and  1909,  as  the 
disease  was  plentiful  in  tliose  years.  Mr.  W.  J.  Morse,  of  the  Office 
of  Forage-Crop  Investigations,  who  had  charge  of  timothy-breeding 
work  at  that  place,  says  in  an  unpublished  report: 

By  July  30  (1908)  no  timothies  were  found  to  be  entirely  free  from  rust.  *  *  * 
The  rust  resistance  varied  greatly,  ranging  from  zero  to  98  per  cent.  In  some  instances 
a  few  small  rust  spots  appeared  on  the  culms  and  no  rust  on  the  leaves.  Several  selec- 
tions made  no  growth  at  all,  the  rust  appearing  to  stunt  the  growth.  In  other 
instances  the  plants  made  some  growth,  but  the  production  of  seed  was  prevented. 
In  1909  the  rust  attack  at  the  Arlington  Experimental  Farm  was  even  more  severe 
than  in  1908,  although  the  rust  did  not  appear  to  any  extent  until  the  middle  of  May. 
This  seA'ere  attack  brought  to  light  the  fact  that  many  of  the  strains  marked  "resist- 
ant" in  1908  appeared  to  be  much  less  resistant  in  1909.  It  was  noticeable,  however, 
that  the  relative  resistance  of  the  different  strains  was  very  little  different  in  1909 
from  what  it  was  in  1908. 

In  1910  the  rust  attack  on  the  same  farm  was  not  nearly  so  severe 
as  in  the  two  preceding  years.  Under  such  conditions  the  distinc- 
tion between  resistant  and  nonresistant  strains  is  not  nearly  as  well 
marked  as  when  rusts  are  abundant.  As  a  result  many  strains 
failed  to  retain  in  their  resistance  percentages  the  same  relative  posi- 
tion which  they  occupied  in  1908  and  1909.  Tliis  corroborates  the 
experience  of  the  writer  that  the  value  of  rust-resistance  figures 
obtained  in  years  when  the  rust  is  not  abundant  or  at  places  where 
the  rust  attacks  are  not  severe  is  questionable  and  shows  that  the 
notes  taken  at  such  times  and  })laces  may  often  hs  misleading. 
Dependable  data  can  be  secured  only  either  in  "rust  years''  or 
in  places  wliere  vigorous  rust  attacks  occur  or  are  artificially  })ro- 
duced  every  year.' 

In  order  to  determine  whether  or  not  the  figures  on  rust  resist- 
ance obtained  in  the  field  during  seasons  when  rust  is  abundant  are 
com])arable  to  data  secured  where  difl'erent  strains  are  placed  under 
identical  conditions  and  subjected  to  artificial  inoculation,  experi- 
ments were  undertaken  in  1909  in  the  greenhouses  at  Washington, 
D.  C.  Seed  of  various  strains  of  timothies  from  the  1908  selections 
at  the  Arlington  Experimental  Farm  was  planted  in  4-inch  pots. 

>  Freeman  and  Johnson,  loc.  cit. 
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When  the  timotliy  was  about  2  inches  liigh,  it  was  thinned  to  10 
plants  or  less  in  a  ])ot  and  the  first  leaf  of  each  plant  was  inoculated 
by  placing  on  it,  by  means  of  a  flattened  inoculating  needle,  a  small 
quantity  of  fresh  nredospores.  The  pots  were  placed  in  a  moist 
chamber  for  48  hours,  as  described  on  page  8  of  this  paper,  and 
were  then  removed  and  allowed  to  stand  for  17  to  21  days,  when 
final  notes  were  taken.  The  ])ercentage  of  noninfection  from  uredo- 
sporo  inoculations  of  timothy  selections  and  the  rust-resistance 
percentages  of  tliese  selections  in  the  field  during  1908  and  1909 
are  shown  in  Table  III. 

Table  III. —  The  percentage  of  noninfection  from  uredospore  inoculations  of  timothy 
selections  and  the  rust-resistance  percentages  of  these  selections  in  the  field  during  1908 
and  1909. 


Serial 

Date  of  inoculation. 

Timothy 
selec- 
tions. 

Leaves 
inocu- 
lated. 

Leaves 
pustuled. 

Daj's  of 
incuba- 
tion. 

Leaves 
not  in- 
fected. 

Resistance  in  field. 

No. 

1908 

1909 

1 

1909. 
Jan.  2 

965-25 

965-15 

965-22 

952- '04 

952-'0G 

965-lS 

29- A 

45-B 

967-10 

52-B 

50- B 

965- '03 

967-16 

967-15 

16 

967-35 

49 

75-C 

43-A 

81 

45-A 

37-A 

49- A 

952- '06 

I 
Number,    yumhir. 
28                10 
18                  -1 

Number. 
17 
17 
17 
17 
17 
18 
18 
18 
18 
18 
18 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
IS 
18 

Per  cent. 
64 
77 
50 
37 

0 
.  46 
71 
36 
91 
19 

7 

0 
25 
16 
25 
14 
17 

0 
21 

0 
18 
34 
50 
63 

Per  cent. 
98 
80 

0 
60 
70 
60 
98 
90 

0 

0 
90 
98 

0 
90 
70 

0 
98 

0 
60 
60 
90 
75 
60 
70 

Per  cent. 
50 
30 

2 

do 

3 

do 

12 
19 

5 
11 
14 
14 

n 

16 

8 
13 

8 

7 
18 
17 
19 

6 
11 
18 
14 

8 

6 

12 

5 

6 

4 

9 

1 

13 

13 

8 

6 

11 

6 

6 

15 

17 

15 

6 

9 

12 

7 

3 

4 

do 

5 

...   .do     

20 

6 

Jan. 9 

7 

do 

8 

...  .do 

30 

(1) 

9 

do 

10 

Jan. 15 

11 

..     .do 

40 
40 

40 

12 

Jan.  20 

13 

do 

14 

do 

15 

do 

16 

do 

10 
40 

(') 
10 
70 
40 

17 

do 

18 

do 

19 

do...     . 

20 

do 

21 

do 

22 

do 

23 

Jan. 23 

20 
20 

24 

do 

1  Discarded. 


The  percentages  of  inoculated  leaves  which  did  not  develop  rust  do 
not  correspond  with  the  rust-resistance  figures  obtained  in  the  field. 
This  is  accounted  for  by  the  fact  that  even  the  most  rust-resistant 
varieties  of  both  grasses  and  cereals  will  develop  rust  to  some  extent 
when  carefully  inoculated  in  the  greenhouse  with  the  rust  most  com- 
mon on  the  respective  hosts.  It  is  always  noticeable,  however,  that 
although  every  moculated  leaf  of  a  rust-resistant  strain  may  be 
affected,  the  rust  infection  is  much  less  severe  on  them  than  on  sus- 
ceptible varieties.  Therefore  in  making  observations  on  rust  resist- 
ance not  only  the  percentage  of  leaves  developing  rust  pustules  but 
also  the  severity  of  the  infection  must  be  considered.  Although  such 
observations  are  not  noted  in  Table  III  it  was  found  that,  in  so  far  iis 

224 


IQ  TIMOTHY   RUST   IN    THE   UNITED   STATES. 

the  vigor  of  the  infection  was  concernetl,  the  rehitive  rust  resistance 
of  strains  as  obtained  in  the  field  was  fairly  well  maintamed  in  the 
greenhouse  experiments  and  that  the  differences  in  resistant  and  sus- 
ceptible strains  were  marked. 

Having  determined,  then,  that  there  are  wide  differences  in  timothy 
strains  with  regard  to  resistance  and  susceptibility  to  rust,  the  prob- 
lem in  timothy-rust  prevention  is  one  of  breeding.  This  may  not  be 
as  difficult  as  it  appears  at  first,  since  up  to  the  present  time  timo- 
thies  have  not  been  highly  bred  and  there  are  not  only  great  differ- 
ences between  varieties  but  apparently  unusual  variations  within  a 
varietv.  Response  to  selection,  therefore,  may  be  both  rapid  and 
well  marked.  Such  breeding,  however,  to  be  of  any  value  must  be 
carried  on  in  places  w^here  the  rust  is  abundant  or  where  either  natur- 
ally or  artificially  a  rust  attack  occurs  every  year. 

SUMMARY. 

Timothy  rust  was  reported  in  the  United  States  as  early  as  1882. 
It  was  reported  from  Iowa  in  1891.  From  1891  to  1906  no  men- 
tion of  the  parasite  has  been  found.  In  1906  the  rust  became  epi- 
demic at  the  Arlington  Experimental  Farm,  near  Washington,  D.  C, 
and  since  then  has  been  found  to  be  widespread,  having  been  reported 
from  ]\Iaine  to  Ontario  and  northern  ^Minnesota  and  south  to  Iowa, 
Kentucky,  and  Virginia. 

Timothy  rust  is  similar  in  general  appearance  and  morphological 
characteristics  to  Puccinia  graminifi  Pers.  on  wheat. 

Inoculation  experiments  with  timothy  rust  at  Washington,  D,  C, 
show  that  it  can  be  transferred  easily  to  various  grasses.  Similar 
results  have  been  obtained  by  Eriksson  in  Europe.  This  demonstrates 
that  the  rust  in  the  United  States  and  the  rust  in  Europe  are  identical. 
That  it  is  not  a  well-fixed  species  is  substantiated.  By  using  bridging 
hosts  timothy  rust  can  be  made  to  transfer  to  various  cereals  which 
it  will  not  attack  directly.  That  such  transfers  take  place  in  nature 
to  some  extent  is  probable. 

The  secidial  stage  of  this  rust  is  not  definitely  known.  Eriksson  and 
Henning  in  numerous  inoculations  with  the  teleutospores  on  bar- 
berries obtained  negative  results  except  in  one  instance.  On  this 
basis  they  consider  the  rust  a  distinct  species,  naming  it  Puccinia 
pTilei-pratenms.  Kern  has  observed  several  imsuccossful  inoculations 
on  the  barberry  in  tliis  country.  From  the  one  apparently  positive 
result  of  Eriksson  and  Henning,  however,  he  believes  that  the  rust  is 
not  entitleil  to  specific  rank  and  should  be  included  under  Puccinia 
graminis  Pers.  Evans  accepts  the  name  Puccinia  pTilei-'pratensis  and 
shows  that  there  are  well-marked  tlifferences  in  the  details  of  the 
infection  from  the  uredospore  of  this  rust  and  the  graminis  form  on 
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cereals.  From  the  physiological  specialization  of  the  rust,  from  its 
distinct  method  of  uredospore  infection,  from  the  numerous  negative 
results  of  inoculations  with  tlic  teleutospore  on  harberries,  and  from 
the  delicacy  of  the  uredo  mycelium,  as  compared  with  typical  ^mmwi^ 
foi-ms,  it  is  evident  that  this  rust  has  many  distinctive  characteristics. 
Unless  further  experiments  should  show  that  the  rust  can  produce  its 
a?cidium  on  the  barberry  and  until  such  experiments  have  been  per- 
formed, the  writer  favors  the  use  of  the  specific  name  Puccinia  phlei- 
pratensis  Erikss.  and  Henn. 

At  the  Arlington  Experimental  Farm  the  rust  mycelium  lives 
through  the  winter.  It  is  very  probable  that  it  lives  over  winter  in 
the  uredo  stage  much  farther  north  than  the  latitude  cited.  As  the 
fecidial  stage,  if  present,  is  undoubtedly  rare  in  the  United  States  the 
teleuto  stage  is  of  doubtful  importance  in  the  wintering  and  dis- 
semination of  the  rust. 

The  rapid  distribution  of  timothy  rust  in  recent  years  is  undoubt- 
edly due  to  the  dissemination  of  the  uredospores  by  the  usual  agencies, 
namely,  insects,  birds,  animals,  man,  surface  winds,  and  upper  air 
currents.  Its  ultimate  distribution  over  all  timothy-growing  sec- 
tions favorable  to  it  is  to  be  expected,  and  methods  of  preventing 
any  considerable  damage  to  the  timoth}^  crop  become  necessary. 

In  a  study  of  the  resistance  of  varieties  of  timothy  to  rust  in  1908 
and  1909,  W.  J.  Morse  found  that  the  resistance  "varied  greatly^ 
ranging  from  zero  to  98  per  cent."  The  resistance  of  difFerent  strains 
relative  to  each  other  varied  little  during  the  two  years.  Under  a  less 
severe  rust  attack  in  1910  these  strains  in  many  instances  failed  to 
retain  the  same  relative  position  as  in  previous  yeare.  This  tends  to 
show  that  dependable  data  can  be  obtained  only  when  vigorous  rust 
attacks  occur. 

In  greenhouse  experiments  where  strains  which  had  been  tested  in 
the  field  were  subjected  to  similar  inoculation  and  identical  condi- 
tions during  the  period  of  incubation,  the  percentage  of  inoculated 
leaves  wliich  did  not  become  infected  did  not  correspond  \\dth  the 
figures  on  rust  resistance  obtained  in  the  field.  When  the  severity 
of  infection  and  not  the  percentage  of  leaves  developing  pustules  was 
considered,  however,  the  relative  resistance  of  strains  as  obtained  in 
the  field  was  fairly  well  maintained  in  the  greenhouse. 

As  there  are  wide  differences  in  timothy  strains  with  regard  to  rust 
resistance,  the  problem  in  timothy-rust  prevention  becomes  one  of 
breeding.  Tliis  may  not  be  as  difficult  as  it  appeai-s  at  first.  Such 
work,  however,  to  be  of  value  must  be  carried  on  when  the  rust  is 
abundant  and  where  either  naturally  or  artificiall}^  a  rust  attack 
occurs  every  year. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

BuKEAU  OF  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  May  31,  1911. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"A  Spot  Disease  of  Cauliflower,"  by  Miss  Lucia  McCulloch,  scientific 
assistant  in  the  Laboratory  of  Plant  PatJiology,  and  recommend  its 
publication  as  Bulletin  No.  225  of  the  series  of  this  bureau. 

Tliis  paper  deals  with  a  disease  which  is  shown  to  be  of  bacterial 
origin  and  which  has  not  been  reported  hitherto. 

The  investigations  of  this  disease  have  been  carried  out  according 
to  the  advice  and  suggestions  of  Dr.  Erwin  F.  Smith. 
Respectfully, 

Wm/A.  Taylor, 
Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretanj  of  Agriculture. 
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4  SPOT  DISEASE  OF  CAULIFLOWER,. 


INTRODUCTION. 

In  April  and  again  in  May,  1909,  diseased  cauliflower  plants  were 
sent  to  the  Laboratory  of  Plant  Pathology  from  a  farm  in  southeast- 
ern Virginia.  In  both  lots  the  leaves  were  closely  covered  with 
brownish  to  purplish  gray  spots  1  to  3  millimeters  in  diameter  (PI.  I). 
There  were  also  larger  diseased  areas  due  to  the  coalescing  of  spots. 
All  parts  of  the  leaves  were  affected.  Where  the  midribs  and  veins 
were  badly  attacked  the  tissues  had  contracted,  giving  a  puckered 
appearance  to  the  leaves  (PI.  II).  From  the  spots  a  bacterium  was 
secured  in  pure  cultures  by  means  of  petri-dish  poured  plates  on  agar, 
and  subcultures  from  colonies  thus  obtained  were  used  for  inoculating 
healthy  cauliflower  plants. 

The  cauliflower  heads  from  the  same  plants  were  not  in  good  con- 
dition, but  no  success  attended  the  efforts  to  secure  from  them  the 
same  kind  of  bacterium  that  was  found  in  the  leaf  spots. 

What  appears  to  be  the  same  disease  was  also  received  once  on 
cauliflower  from  Florida. 

INOCULATIONS. 

All  moculations  were  made  by  spraying  the  plants  mth  pure  cul- 
tures of  the  bacterium  suspended  in  water  (24  to  48  hour  agar  slants 
washed  off  in  sterile  water).  Young,  healthy  cauliflower  plants  6  to 
10  inches  high  were  used,  some  being  kept  in  infection  cages  and 
some  merely  on  a  bench  in  the  greenhouse. 

The  infection  shows  first  on  the  lower  surface  of  the  leaves  as 
sunken  water-soaked  spots.^  These  are  visible  on  the  third  day 
after  inoculation.  In  4  or  5  days  the  spots  are  dark  purplish-gray 
and  show  on  both  surfaces.  In  transmitted  light  the  centers  are 
tliin,  almost  colorless,  and  surrounded  by  a  dark  border.  In  size 
they  vary  from  mere  points  to  spots  1 .5  millimeters  in  diameter.  In 
shape  they  are  irregularly  angled;  the  spread  of  the  disease  appears 
to  be  stopped  or  hindered  by  the  veins  of  the  leaf.     The  individual 

1  Some  infections  from  old  cultures  that  had  probably  lost  much  of  their  virulence  were  first  indicated 
after  6  to  8  days  by  tiny  water-soaked  elevations.  As  the  disease  progressed  the  tissues  collapsed  and 
a  sunken  spot  resulted. 
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spots  do  not  become  more  than  2  to  3  millimeters  in  largest  diameter, 
though  where  crowded  the  spots  usually  coalesce,  forming  diseased 
areas  of  considerable  size. 

^Mien  only  the  upper  surface  of  leaves  was  subjected  to  the  inocu- 
lating spray  very  few  uifections  resulted,  while  inoculations  on  the 
lower  surface  gave  numerous  infections  (PL  III).  So  far  as  observed 
in  sections  the  infection  takes  place  only  through  stomata,  and 
mostly  from  the  lower  surface.  The  older  and  the  very  young  leaves 
appear  to  be  partially  or  even  completely  immime,  wliile  those  of 
intermediate  age  (on  the  same  plant)  may  be  seriously  affected. 

The  diseased  leaves  become  yellow  and  fall  off  in  from  three  to  five 
weeks.  The  younger  leaves  and  new  growi^h  are  healthy.  Under 
our  rather  dry  hothouse  conditions  in  no  case  Avas  there  evidence  of 
infection  on  any  but  the  inoculated  leaves. 

From  spots  developing  on  leaves  inoculated  with  the  original 
culture  the  organism  was  repeatedly  isolated  by  means  of  petri- 
dish  poured  plates,  and  subcultures  from  colonies  were  again  used 
for  inoculations,  always  with  the  production  of  the  characteristic 

infection. 

The  checks  in  all  cases  remained  healthy;  also  numerous  other 
cauUflower  plants  in  the  same  greenhouse. 

Cabbages  inoculated  A\-ith  .this  organism  became  infected  in  the 
same  manner  as  the  cauhflower  ^nth  one  exception,  \dz,  the  spots 
were  darker.  From  spots  appearing  on  the  inoculated  cabbages  the 
organism  was  isolated  and  tested  on  cauUflower,  with  the  result  of 
the  production  of  the  disease. 

Durino-lSlav  and  June  of  1909  all  inoculations  resulted  in  successful 
and  typical  infections. 

On  July  10,  1909,  seven  plants  were  inoculated  in  the  usual  manner 
and,  contrary  to  expectations,  no  infections  resulted.  The  conditions 
were  the  same  as  in  previous  inoculations,  except  that  the  tempera- 
ture was  liigher  at  tliis  time,  26°  to  34°  C.  (78°  to  93°  F.).  Subse- 
quent experiments  show  that  the  bacterium  causing  the  disease 
refuses  to  grow  in  artificial  media  at  29°  C.  (84°  F.)  or  above.  It  is 
probable,  therefore,  that  in  this  case  the  high  temperature  prevented 

infection. 

After  July  no  more  plants  were  available  for  inoculation  until  Janu- 
ary 24, 1910,  when  10  plants  were  inoculated.  No  infections  resulted. 
On  February  2,  1910,  10  more  plants  were  inoculated  and  no  infec- 
tions resulted.  All  conditions  se«med  favorable,  and  loss  of  virulence 
in  the  culture  was  suspected  as  the  cause  of  failure  to  infect.  The 
cultures  used  for  inoculation  were  descended  through  numerous 
transfers  made  during  the  winter.  An  agar-stock  culture  which  had 
not  been  transferred  since  September,  1909,  was  then  tried.  Fresh 
agar-slant  cultures  were  made  from  the  September  stock  and  used 
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when  24  hours  old  (February  12,  1910)  for  inofulutiiig  cauliflower 
])lants.  This  time  infections  resulted.  The  infections  were  very  slight, 
however,  and  the  spots  too  few  in  number  to  cause  any  noticeable 
injury  to  the  plants,  but  the  bacteria  plated  from  these  spots  pro- 
duced typical  colonies  on  agar  and  characteristic  growth  in  artificial 
media.  CauHflower  plants  inoculated  with  this  new  strain  became 
very  generally  infected,  which  fact  seems  to  indicate  that  the  organ- 
ism had  increased  in  virulence  by  passage  through  the  host. 

On  December  6,  1910,  cabbage,  cauliflower,  turnip,  rutabaga,  rad- 
ish, and  mustard  were  inoculated  in  cages  by  spraying  with  sterile 
water  to  wliich  had  been  added  agar-streak  cultures  3  days  old.  All 
of  these  plants  were  young.  There  were  two  to  four  of  each  sort. 
The  material  for  inoculation  was  obtained  from  a  cauliflower  inocu- 
lated November  22,  1910.  Infections  were  obtained  on  cabbage 
and  cauKflower  (six  days),  but  not  on  the  other  plants.  Sections  of 
the  spots  made  on  the  tenth  day  showed  them  to  be  full  of  bacteria. 

On  March  4,  1911,  three  cauliflower  plants  were  again  inoculated 
by  spraying  with  sterile  water  to  which  had  been  added  2-day-old 
agar-slant  cultures.  These  plants  were  about  8  inches  high  and  very 
healthy.  They  were  kept  in  an  infection  cage  for  two  days.  At  the 
end  of  10  days  there  were  very  small  dark  specks  on  each  of  the  plants. 
These  specks  were  in  the  center  of  a  small  semitransparent  elevation. 
A  microscopic  examination  showed  bacteria  present  in  these  spots. 
The  flower  stalks  of  plant  104  also  showed  elongated  water-soaked 
spots,  darker  in  the  center.  These  also  contained  bacteria  and  plates 
made  from  them  yielded  the  organism  in  pure  culture.  The  flower- 
ing part  of  plant  104  bore  no  spots,  although  it  had  been  drenched 
with  the  spray.     The  check  plant  remained  healthy. 

Several  attempts  to  inoculate  the  heads  of  the  cauliflower  gave  no 
satisfactory  results.  Gromng  heads  were  copiously  inoculated  and 
kept  under  moist  conditions,  but  no  infections  occurred.  Infection 
spots  similar  to  those  on  leafstalks  and  midribs  occurred  on  some 
of  the  larger  stalks  of  the  flower  head,  while  the  flowering  parts 
remained  free  from  infection.  Mature  heads  from  the  market  were 
also  inoculated,  but  as  decay  of  the  tender  surface  was  general  in 
the  checks  as  well  as  in  the  inoculated  heads,  the  results  are  not 
conclusive. 

DESCRIPTION  OF  THE    CAULIFLOWER   LEAF-SPOT   ORGANISM. 

MORPHOLOGY. 

The  organism  is  a  short  rod,  forming  long  chains  in  some  media. 
Ends  rounded.  Size  from  leaf  1.5  to  2.4  [i  by  0.8  to  0.9  //.  Size  in 
24-hour  beef-agar  culture,  temperature  20°  to  25°  C,  1.5  to  3  [i  by 
0.9  n.     No  spores  are  produced.     The  organism  is  actively  motile  by 
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means  of  one  to  five  polar  flagella,  wliich  are  two  to  three  times  the 
length  of  the  rod.  (Stained  by  Van  Ermengem's  method;  also  by- 
Hugh  WilUams's  method.)  MotiUty  occurs  in  most  artificial  metha. 
In  beef-bouillon  cultures  grown  and  kept  at  0.5°  to  1.5°  C.  for  four 
months  the  organism  is  still  motile.  Involution  forms  were  found  in 
alkaline  beef  bouillon  (—17  on  Fuller's  scale).  Pseudozoogloese 
occur  in  Uscliinsky's  solution  and  in  acid  beef  bouiUon. 

REACTION   TO    STAIXS. 

The  organism  does  not  stain  by  Gram.  Modified  Gram,  using 
amyl  alcohol,  gives  a  deep  blue  stani.  It  stains  readil}^  and  strongly 
with  carbol  fuchsin,  'with  an  alcohohc  solution  of  gentian  violet,  and 
with  a  stain  obtained  from  Dr.  Kinyoun  wliich  contains  methylene 
blue,  silver  nitrate,  azure  I,  and  azure  II.     It  is  not  acid  fast. 

CULTURAL    CHARACTERS. 

Agar  'plates  (+15  peptonized  heefhouillon  with  1  per  cent  agar). — 
The  colonies  are  visible  on  the  second  day  as  tiny  wliite  specks 
(temperature  23°  C). 

In  three  to  four  days  the  colonies  are  1  to  3  millimeters  in  diameter, 
white  (opalescent  in  transmitted  light),  round,  smooth,  flat,  shining, 
and  translucent,  mth  edges  entire.  Structure,  under  hand  lens, 
coarsely  granular  ^^•ith  internal  reticulations.  Bm'ied  colonies  small, 
lens  shaped.  With  age  the  colonies  become  dull  to  dirty  white, 
slightly  irregular  in  shape,  the  edges  undulate,  slightly  crinkled,  and 
with  indistinct  radiating  marginal  lines.  The  internal  reticulations 
disappear  and  the  coarsely  granular  appearance  changes  to  finely 
granular.  In  thinly  sown  plates  7-day-old  colonies  are  6  to  8  milli- 
meters in  diameter;  15-day-old  colonies  are  12  to  15  millimeters  in 
diameter. 

Agar  stabs. — The  surface  of  the  agar  is  covered  in  two  days  (22°  to 
24°  C.)  by  a  thin  white  growth.  For  several  days  the  stab  shows  a 
moderate  growth  in  the  upper  8  to  10  millimeters,  but  tliis  does  not 
continue.  Finally,  the  stab  is  almost,  if  not  quite,  invisible.  Crystals 
appear  in  the  stab  and  on  the  surface. 

Agar  slants. — In  smear  cultures  the  surface  is  covered  in  two  days 
(temperature  19°  to  21°  C.)  with  a  thin  white  growth,  glistening, 
coarsely  and  irregularly  pitted.     White  sediment  in  the  V. 

In  streak  cultures  in  two  days  (temperature  19°  to  21°  C.)  the 
streak  is  3  to  5  millimeters  \\ade,  white,  margins  slighth'  undulate. 
The  internal  reticulations  seen  in  colonies  on  plates  are  present  in 
the  streak  cultures.  At  right  angles  to  the  streak  are  fine  lines 
extending  from  center  to  margin. 

Agar  cultures  become  slightly  greenish. 
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Beef  houillon. — Peptonized  beef  bouillon  +  15  lield  at  24°  to  25°  C, 
if  inoc-iilated  from  young,  vigorous  bouillon  cultures,  clouds  thinly 
in  6  hours  and  is  moderately  to  heavily  clouded  in  24  hours.  The 
growth  is  best  at  the  surface,  where  a  white  layer  is  formed.  This  is 
not  a  true  pellicle,  as  it  disintegrates  when  the  cultures  are  handled.* 
No  zoogloeae  are  present.  There  is  no  rim.  In  two  days  there  are 
heavy^  clouds  and  a  moderate  amount  of  white  flocculent  precipi- 
tate. After  several  weeks  the  precipitate  is  white  and  slimy,  mod- 
erate in  quantity,  and  with  small  crystals  in  it.  The  medium 
becomes  shghtly  greenish.  After  several  months  the  precipitate  is 
viscid. 

Add  houillon. — In  neutral  beef  bouillon  plus  vegetable  acids, 
growth  occurs  until  an  acidity  of  +34  for  oxalic  acid  and  +36  for 
malic  and  citric  acids  (Fuller's  scale)  is  reached.  There  is  no  rim  or 
pellicle.  Occasionally  pseudozoogloeas  are  formed  in  the  more  acid 
media. 

Microscopic  examination  shows  most  of  the  organisms  greatly 
reduced  in  length,  some  so  short  as  to  be  spheroidal.  That  these 
were  not  contaminations  was  proved  by  plating  out  and  by  tests  on 
other  culture  media. 

Alkaline  houillon. — In  alkaline  beef  bouillon  (NaOH  used)  the 
organism  grew  well  in  —  17,  —  19,  —22,  less  in  —23,  and  not  at  all  in 
—  25,  —26,  and  —28  (Fuller's  scale).  Involution  forms  and  filaments 
were  present  in  — 17  beef  bouillon  when  two  weeks  old. 

Bouillon  with  sodium  cJihrid. — In  beef  bouillon  plus  2  per  cent  NaCl 
the  growth  is  as  good  as  in  plain  beef  bouillon.  With  the  addition  of 
more  NaCl  the  growth  graduallj^  lessens  until  it  is  scarcely  noticeable 
in  a  5  per  cent  solution.  When  grown  in  a  4  per  cent  solution,  the 
organism  is  not  motile.  In  a  2  per  cent  solution,  the  organism  is 
motile,  but  less  so  than  in  beef  bouillon  without  NaCl. 

Beef  houillon  over  chloroform. — For  the  first  24  hours  the  growth  is 
somewhat  retarded.  By  the  end  of  48  hours  no  difference  could  be 
seen  between  cultures  over  chloroform  (5  c.  c.  of  chloroform  with  10 
c.  c.  of  beef  bouillon  not  shaken)  and  those  in  plain  beef  bouillon. 

Loeffler's  hlood  serum. — Growth  of  stroke  is  moderate,  smooth, 
shining;  color  creamy;  margins  finely  crinkled.  No  liquefaction. 
After  three  months  the  whole  medium  was  slightly  browned. 

Cohn's  solution. — Moderate  clouding  and  white  precipitate;  no  rim, 
pellicle,  or  zoogloese;  no  fluorescence.  After  some  weeks  feather- 
like crystals  of  considerable  size  (5  to  10  by  2  to  6  mm.)  are  formed. 

Fermi's  solution. — ^loderate  clouding  at  first.  Precipitate  mode- 
rate to  abundant,  white,  flocculent.  Pellicle  white,  tender,  sinking 
in  strings  and  masses.     Finally  the  medium  is  densely  clouded  and 

'  Old  cultures  kept  for  several  months  at  0.5°  to  1.5°  C.  had  a  delicate  pellicle. 
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pale  green-fluorescent  (between  water  green  and  greenish  glaucous, 
Repertoire  de  Couleurs,  Paris,  1905);  more  precipitate  than  in  beef 
bouillon. 

Nutrient  gelatin  (+10  on  Fuller's  scale). — The  stab  cultures  lique- 
fied in  8  to  10  days  (temperature  17°  to  18°  C).  Growth  from  sur- 
face crateriform.  Slight,  white,  granular  precipitate.  Slight  green 
fluorescence. 

The  plate  cultures  showed  no  signs  of  growth  in  24  hours  at  17°  to 
18°  C.  In  three  days  well-isolated  colonies  vary  from  mere  points  to 
round  growths  2  millimeters  in  diameter.  The  gelatin  is  liquefied  in 
cuplike  hollows.  Margin  of  smaller  colonies  entire,  of  larger  colonies 
fimbriate.  Tliicklv  sown  plates  entirely  liquefied  in  two  days  at  15° 
to  16°  C.  ^  -^ 

Litmus  milk. — TJie  medium  becomes  dark  blue  at  the  surface  in 
12  to  24  hours.  The  darkening  proceeds  downward  in  definite  layers 
until  in  8  to  10  days  the  whole  medium  is  dark  blue  with  a  slight  white 
precipitate.  During  six  months'  observation  the  medium  remained 
dark  blue  (reflected  light)  and  liquid.  Finalh^^  by  evaporation  the 
medium  becomes  thickened,  but  there  is  at  no  time  any  separation 
into  curd  and  whey. 

A  few  cultures  showed  a  trace  of  reduction  of  litmus  at  the  bottom. 

Milk. — As  in  the  litmus-milk  cultures,  growth  and  color-change  in 
the  milk  begin  at  the  surface,  proceeding  downward  in  definite  layers. 
In  15  to  20  days  the  whole  tube  (10  c.  c.  of  milk)  is  yellow  (near 
Ridgway's  Naples  yellow,  but  somewhat  duller  and  with  a  greenish 
tinge)  and  translucent.  No  separation  into  curd  and  whey.  Fat 
not  changed.  In  four  months  the  medium  is  quite  dark  (reddish- 
brown)  and  somewhat  thick  (evaporated  to  about  5  c.  c).  Small 
tyrosin  crystals  are  formed.  These  are  distinctly  visible  only  with 
a  lens. 

UschinsTcy's  solution. — Growth  moderate  to  copious;  pellicle  white, 
tender,  breaking  and  sinking  easily.  Pseudozoogloese  are  present. 
There  is  a  greenish  fluorescence.  The  old  cultures  are  much  like 
those  in  Fermi's  solution. 

OTHER    CHARACTERISTICS. 

Fermentation  tubes. — The  organism  is  aerobic  and  does  not  form  gas. 
It  was  tested  in  fermentation  tubes  in  the  presence  of  dextrose, 
saccharose,  lactose,  maltose,  gl3^cerin,  and  mannit,  each  of  these 
carbon  compounds  being  added  to  a  basal  solution  consisting  of  1 
per  cent  of  Witte's  peptone  dissolved  in  water.  It  did  not  grow  in 
the  closed  end  of  the  fermentation  tubes  in  the  presence  of  any  of 
these  substances. 

Ammonia  'production. — Moderate. 
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Nitrates. — Nitrates  are  not  reduced. 

Indol. — Indol  production  is  feeble. 

Hydrogen  sulphid. — Hydrogen  sulpliid  is  not  formed  in  cultures  on 
beef-peptone  agar,  potato  cylinders,  turnip  cylinders,  or  in  beef 
bouillon  or  milk. 

TEMPERATURE    RELATIONS. 

Thermal  death  point. — The  thermal  death  point  is  46°  C.  The 
following  tests  were  made:  Newly  inoculated  beef-bouillon  (+15) 
cultures  in  tubes  were  suspended  in  a  hot-water  bath  where  they  were 
kept  for  10  minutes  at  a  constant  temperature,  then  removed  to  room 
temperature  (20°  to  24°  C).  First,  temperatures  ranging  from  40° 
to  50°  C.  were  tried,  and,  the  thermal  death  point  seeming  to  lie 
about  halfway  between,  trials  were  again  made  of  45°,  46°,  and  47° 
C.  More  than  half  of  the  cultures  exposed  to  45°  C.  for  10  minutes 
clouded  in  3  to  5  days.  Of  cultures  exposed  to  46°  C.  1  out 
of  12  clouded  after  11  days.  The  others  never  clouded.  Of  20  cul- 
tures exposed  to  47°  C,  none  clouded. 

Optimum  temperature. — The  optimum  temperature  for  growth  is 
24°  to  25°  C. 

Maximum  temperature. — The  maximum  temperature  for  growth  is 
very  low,  viz,  29°  C. 

Minimum  temperature. — The  minimum  temperature  for  growth  is 
below  0°  C. 

The  organism  was  dead  after  exposure  for  3J  days  at  33°  to  36°  C. 
in  beef  bouillon. 

EFFECT    OF   DESICCATION. 

When  young,  well-clouded  beef-bouillon  cultures  were  dried  on 
cover  glasses  and  kept  in  a  dark  place  at  temperatures  of  22°  to  25° 
C,  75  per  cent  were  killed  in  24  hours  and  90  per  cent  in  48  hours. 
All  were  dead  in  five  days. 

EFFECT   OF  SUNLIGHT. 

Four  minutes'  exposure  to  sunlight  killed  all  organisms  in  thinly 
sown  agar  poured  plates  exposed  bottom  up  on  ice,  one-half  of  each 
plate  being  covered  as  a  check. 

EFFECT    OF    FREEZING. 

Freezing  by  means  of  salt  and  pounded  ice  for  two  and  five  hours 
in  +15  beef  bouillon  had  no  effect  in  reducing  the  number  or  the 
vitality  of  the  organisms,  as  shown  by  poured-plate  cultures  made 
before  and  after  freezmg. 

Beef  bouillon  (10  c.  c.)  inoculated  and  at  once  frozen  and  kept  at 
temperatures  of  -4°  to  -18°  C.  (average  —12°  C.)  for  nine  days 
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showed  no  growth  during  this  period,  but  clouded  moderately  three 
days  after  removal  to  temperature  of  18°  to  20°  C,  and  plates  from 
this  tube  gave  pure  cultures  of  the  cauliflower  organism.  Plates 
poured  before  and  after  10  days'  freezing  showed  considerable  reduc- 
tion in  the  numbers  of  organisms,  but  the  growth  of  the  livmg  ones 
was  not  retarded.  Some  tubes  of  beef  bouillon,  inoculated  with  a 
3-millimeter  loop  h-om  a  48-hour  bouillon  culture  and  kept  frozen  for 
seven  days,  cloudea  within  48  hours  after  removal  to  a  temperature 
of  18°  to  20°  C.  Another  frozen  for  22  days  did  not  cloud  after 
removal  to  temperatures  of  18°  to  20°  C.  The  check  clouded.  The 
organism  grows  readily  at  low  temperatures,  e.  g.,  beef-bouillon 
cultures  clouded  in  seven  days  when  kept  at  temperatures  of  0°  to  1°  C. 

VITALITY    ON    CULTURE    MEDIA. 

This  organism  remams  alive  for  six  to  eight  months  at  tempera- 
tures varjdng  from  18°  to  24°  C.  on  beef  agar,  LoeflSer's  blood  serum, 
and  potato  cylinders,  and  in  peptonized  beef  bouillon  (  +  15),  beef 
gelatin  (+10),  milk,  Uschinsky's,  Fermi's,  and  Cohn's  solutions. 
Evaporation  was  not  prevented  in  these  cultures  and  the  media 
became  concentrated,  often  dry,  and  yet  the  organism  was  frequently 
alive.  Beef- agar  and  beef-gelatin  cultures  at  temperatures  of  12°  to 
15°  C.  and  subject  to  less  evaporation  (in  refrigerator)  were  dead  after 
eight  months.  In  media  less  favorable  for  the  growth  of  this  organism, 
as  beef  bouillon  plus  salt,  alkali,  or  acid,  the  bacteria  live  but  two  to 
three  months. 

GROUP   NUMBER. 

The  group  number,  according  to  the  descriptive  chart  of  the  Society 
of  American  Bacteriologists,  is  211.3332023. 

NAME  OF  ORGANISM. 

This  organism  appears  to  be  an  undescribed  form,  and  because  of 
the  characteristic  spotting  of  the  affected  leaves  the  name  Bacterium 
maculicolum  (n.  sp.)  is  suggested. 

LATIN   DIAGNOSIS. 
BACTERIUM    MACULICOLUM   (N.  SP.). 

Baculis  in  hospite  brevibus,  cylindricis,  apicibus  rotundatis,  soli- 
tariis,  saepe  binis  (in  agar-agar  quandoque  10-30  baculis  in  filamenta 
conjunctis);  baculis  1.5-3.0  //  x  0.8-0.9  p.;  1-5  flagellis  polaribus  mo- 
bilibus;  aerobiis,  asporis. 

Habitat  in  foliis  vivis  Brassicae  oleraceae  in  macuhs  1-3  mm.  latis, 
purpureo-griseo  colore.  Coloniae  gelatinam  liquefacientes.  Colo- 
niac  in  agar-agar  rotund  ae,  albae,  nitentes.  Si  bacuh  in  petri-vasibus 
rare  seruntur,  in  septimo  die  colonae  6-8  mm.  diam.  sunt.     Baculi 
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methodo  Gram  non  colorantur.  Nitnim  non  redicritur.  Lac  sterile 
alcalinum  fit;  initio  translucidiim,  flaviim  ))ulli(luin  dcmum  opaciim, 
brunnou  et  gelatiim;  casein  non  segregatur.  Inter  tcmperaturam 
29°  C.  et  temperaturam  —5°  C.  culturae  crescimt.  wSi  culturae  novae 
in  infusione  carnis  {  lioram  in  temperatura  46°  C.  tenentur,  moriuntur. 
Inter  temperaturas  —5°  C.  et  —  15°  C.  per  decern  dies  non  moriuntur. 
Si  baculi  siccantur  vel  soli  exponuntur,  celeriter  moriuntur.  In  foliis 
vivis  Brassicae  oleraceae  aspergendo  inoculatis,  maculae  in  3-4  diebus 
producuntur.     Contagium  in  stomatibus  fit. 

SUMMARY. 

The  leaf-spot  disease  of  cauliflower  described  in  the  preceding  pages 
is  due  to  a  bacterial  organism,  which  was  secured  in  pure  culture  from 
the  leaf  spots  and  inoculated  into  healthy  cauliflower  plants,  with 
production  of  the  disease.  Healthy  cabbages  inoculated  with  the 
organism  also  showed  similar  infection. 

Inoculations  during  July,  1909,  were  unsuccessful  because  of  the 
higher  temperature. 

The  heads  of  cauliflower  gave  no  satisfactory  results  when  inocu- 
lated with  the  organism. 

The  name  Bacterium  maculicolum  has  been  suggested  for  this  organ- 
ism.  It  is  a  schizomycete,  pathogenic  to  crucifers,  causing  numerous 
small  spots  on  cauliflower  and  cabbage.  Entrance  by  way  of  the 
stomata.  Organism  white,  but  causing  a  greenish  fluorescence  in 
some  media  (beef  bouillon  +15,  beef  gelatin  +10,  beef  agar  +15, 
Uschinsky  and  Fermi).  Motile  by  means  of  one  to  several  polar 
flagella.  A  short  rod  (1.5  to  3  //  by  0.9  /i),  single  or  in  chains  in 
some  media  (10  to  30  //  long  on  agar;  10  to  24  /x  long  in  beef  bouillon 
plus  4  per  cent  sodium  chlorid).  Does  not  stain  by  Gram;  stains 
deeply  with  amyl  Gram. 

No  spores.  Involution  forms  (found  in  alkaline  beef  bouillon)  and 
pseudozoogloese.  Aerobic.  Liquefies  gelatin  slowly.  Does  not 
liquefy  Loeffler's  blood  serum.  Not  gas  forming.  Feeble  produc- 
tion of  ammonia,  indol,  and  hydrogen  sulphid.  Nitrates  not 
reduced.  Tolerates  acids,  citric  and  malic  to  +  36  and  oxahc  to  +  34 
(Fuller's  scale).  Tolerates  sodium  hj^droxid  in  beef  bouillon  to  —25 
(Fuller's  scale). 

Optimum  temperature  24°  to  25°  C.  Thermal  death  point  46°  C. 
Win  not  grow  in  beef  bouillon  (  +  15)  or  on  agar  (  +  15)  at  29°  C. 
Grows  at  0°  C.  and  below.  Grows  well  in  bouillon  over  chloroform. 
Grows  in  Cohn's  solution.     Blues  litmus  milk. 

The  most  striking  facts  about  the  organism  are  its  ability  to  grow  at 
temperatures  below  freezing  and  its  failure  to  grow  at  a  common  sum- 
mer temperature  (85°  F.). 

The  leaves  of  the  attacked  plants  fall  off. 
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Plate  I. 


Upper  Surfaces  of  Cauliflower  Leaves  from  Virginia,  Showing   Natural 
Infection  with  Bacterium  maculicolum.    Photographed  May  4,  1909. 


Bui.  225,  Bureau  of  Plant  Indust^,  U.  S.  Dept.  of  Agriculture. 


Plate  II. 


Under  Surfaces  of  Cauliflower  Leaves  from  Virginia,  Showing  Midribs  Spotted 
BY  Natural  Infection  with  Bacterium  maculicolum.  Photographed  May 
4,  1909. 


Bui.  225,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture 


Plate  III. 


f  .i 
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Under  Surfaces  of  Cauliflower  Leaves  from  Hothouse;  Inoculated  by  Spraying 
ON  May  19,  1909,  with  Bacterium  maculicolum.    Photographed  June  2,  1909. 
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LETTER  OF  TRANSMIHAL. 


U.  S.  Department  or  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  C.^  June  5,  1911. 
Sir  :  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  226  of  the  Bureau  series  the  accompany- 
ing manuscript  entitled  "A  Plant  Disease  Survey  in  the  Vicinity  of 
San  Antonio,  Texas,"  submitted  with  a  view  to  publication  by  Mr. 
W.  A.  Orton,  Pathologist  in  Charge  of  Cotton  and  Truck-Crop  Dis- 
eases and  Sugar-Plant  Investigations. 

This  bulletin  gives  the  results  of  work  done  by  the  authors.  Dr. 
Frederick  D.  Heald,  professor  of  botany,  University  of  Texas,  and 
iSIr.  Frederick  A.  Wolf,  tutor  in  botany,  University  of  Texas.  The 
Avork  was  undertaken  at  the  request  of  Mr.  C.  S.  Scofield,  Agricul- 
turist in  Charge  of  Western  Agricultural  Extension,  who  desired  a 
preliminary  survey  of  the  plant  diseases  of  this  region  to  be  made  as 
a  part  of  the  work  of  the  San  Antonio  Experiment  Farm. 
Respectfully, 

Wm.  a.  Taylor, 
Acting  Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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A  PLANT-DISEASE  SURVEY  IN  THE  VICINITY 
OF  SAN  ANTONIO,  TEXAS. 


INTRODUCTION. 

During  the  summer  and  fall  of  190D  and  the  winter  and  spring  of 
1910  a  plant-disease  survey  was  made  of  a  portion  of  Texas  in  the 
vicinity  of  San  Antonio.  The  object  of  this  work  was  to  determine 
the  diseases  which  were  prevalent  with  a  view  to  a  later  and  more 
detailed  investigation  of  those  which  are  either  new  or  imperfectly 
known. 

The  emphasis  has  been  placed  upon  the  diseases  of  plants  due  to 
bacteria,  fungi,  or  other  parasites,  but  environmental  factors  have 
not  been  overlooked.  The  field  is  an  exceedingly  fruitful  one,  since 
but  little  has  been  published  concerning  the  parasitic  fungi  or  plant 
diseases  of  this  part  of  the  country.  Besides  the  report  of  Jennings 
(34),^  issued  some  years  ago,  and  a  short  list  by  Cooke  (9),  but  few 
scattered  records  of  Texas  fungi  exist.  It  will  not  be  surprising,  then, 
if  a  detailed  examination  of  a  restricted  area  should  show  many 
new  and  interesting  forms. 

The  work  outlined  in  this  report  was  carried  out  by  the  writers, 
with  headquarters  at  the  University  of  Texas.  Acknowledgment  is 
here  made  of  the  helpful  suggestions  of  Mr.  W.  A.  Orton.  Mrs. 
F.  W.  Patterson,  and  Miss  E,  C.  Field,  of  the  Department,  have  very 
kindly  assisted  in  working  over  the  doubtful  specimens  and  in  the 
determination  of  most  species  which  appeared  to  be  new,  with  the 
exception  of  the  Uredinales,  which  were  submitted  to  Mr.  F.  D. 
Kern,  Lafayette,  Ind.  Several  specimens  were  also  referred  to  Prof. 
C.  H.  Peck,  Albany,  N.  Y.  In  addition,  the  senior  Avriter  visited 
the  herbaria  at  Washington  and  the  Ncav  York  Botanical  Garden 
in  order  to  compare  our  material  with  their  collections  which  are 
rich  in  type  specimens. 

Specimens  have  been  deposited  in  the  herbarium  of  the  University 
of  Texas,   at  Austin,   while   duplicates,  including  type  specimens, 

1  The  serial  numbers  in  parentheses  used  in  this  bulletin  refer  to  the  index  to  literature, 
pp.  107-108. 
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A  PLANT-DISEASE   SURVEY   IN   TEXAS. 


have  been  placed  in  the  herbarium  of  pathological  collections,  Bureau 
of  Plant  Industry,  Washington,  D.  C.  New  species  have  been  de- 
scribed as  such  in  different  numbers  of  Mycologia. 

TERRITORY    COVERED    BY    THE    SURVEY. 

The  territory  covered  by  this  survey  is  included  within  a  circle 
having  a  radius  of  100  miles  from  San  Antonio.  One  trip  was  made 
to  the  south  of  this  region,  and  collections  were  made  at  Falfurrias 
and  Alice,  outside  of  the  territory'  described.  The  accompanying 
map  (fig.  1)  shows  the  territory  studied,  and  all  of  the  points  at 
which  collections  were  made  are  indicated  by  name  and  solid  black 
circle.  It  will  be  observed  that  more  attention  was  paid  to  the 
eastern  and  southeastern  portions  of  the  territory  than  elsewhere. 
The  explanation  for  this  will  be  evident  by  reference  to  the  discus- 
sion of  crops,  native  vegetation,  and  topography  of  the  region. 

PHYSIOGRAPHY   AND   SOILS. 

The  region  studied  occupies  the  coastal  plain  of  Texas  in  the  south 
and  east  and  extends  into  the  Edwards  Plateau  and  Llano  country  in 
the  northwest.  It  is  traversed  diagonally,  beginning  in  the  northern 
part,  by  the  Colorado,  Guadalupe,  San  Antonio,  Medina,  Frio,  and 
Nueces  Rivers,  most  of  which  rise  in  the  edge  of  the  Edwards 
Plateau  and  cross  the  coastal  plain  to  the  gulf.  A  gradual  rise 
characterizes  the  elevation  from  the  low  coastal  prairie  in  the  south- 
east to  the  rough  mountain  country  of  the  Edwards  Plateau  in  the 
northwest.     Table  I  shows  the  elevations  for  different  stations. 

Table  I. — Elevation  for  prhicipnl  .'Stations. 


Less  than  250  feet.       '          250  to  500  feet. 

500  to  1,000  feet.         j         Overl,000  feet. 

Beeville,  225. 
Cuero,  177. 
Hallettsville,  235. 
Victoria,  187. 

Flatonia,  465. 
Gonzales,  299. 
Luling,  418. 
Runge,  308. 

Austin,  593. 
Georgetown,  750. 
Hondo,  901. 
New  Braunfels,  7'JO. 
Sabinal,  964. 
San  Antonio,  701. 
San  Marcos,  588. 
Uvalde,  937. 

Blanco,  l.o'iO. 
Boerne,  1,412. 
Fredericksburg,  1 .742. 
Kerrville.  1.650. 
Llano,  1,040. 

The  region  under  consideration  includes  part  of  the  three  units  of 
the  coastal  plain.  In  the  extreme  southeastern  portion,  in  Victoria, 
Goliad,  and  Bee  Counties,  may  be  found  the  interior  border  of  the 
coast  prairie  region,  which  is  flat,  low  lying,  and  generally  treeless, 
with  the  exception  of  the  river  valleys.     In  parts  of  this  area  the 
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mesquite  and  other  timber  is  encroaching  upon  the  prairies  where 
its  natural  spread  is  not  held  in  check  by  agricultural  development. 


I'u:.  l.-Map  of  a  part  of  the  State  of  Texas,  showing  the  territory  covered  and  places 
visited  in  connection  with  the  plant-disease  survey. 

The  prevailing-  soils  in  this  area  except  in  the  bottom  lands  are 
stiff,  waxy  clays,  generally  with  an  impervious  clay  subsoil,  and 
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ranging  in   color   from   black   lo  chocolate.     They   are   of  residual 
origin. 

The  coast  prairie  region  is  succeeded  by  the  Tertiary  forested  area, 
which  extends  from  Bastrop  County  in  the  northeast  to  the  south- 
west. It  includes  a  considerable  part  of  the  post-oak  lands  of  the 
lignitic  belt.  The  region  is  much  more  hilly  than  the  coast  prairies, 
and  the  rise  in  elevation  is  gradual.  The  southern  portion  is  level 
or  only  slightly  rolling  and  less  forested  than  the  more  hilly  northern 
part. 

The  soils  in  this  area  are  mainly  residual,  varying  according  to  the 
character  of  the  underlying  formation.  In  various  localities  may 
be  found  sands  and  sandy  loams  well  adapted  to  truck  crops,  as  in 
portions  of  Bastrop,  Caldwell,  Gonzales,  and  Wilson  Counties.  Clays 
and  clay  loams  may  also  be  found,  while  rich  alluvial  soils  occur  along 
the  river  valleys. 

A  narrow  extension  of  the  rich  Cretaceous  prairies  of  northern 
Texas  extends  southward  through  Williamson,  eastern  Travis,  Hays, 
Comal,  and  Bexar  Counties.  The  typical  soil  is  black  and  waxy, 
derived  from  the  underlying  Cretaceous  chalks,  clays,  and  marls. 
The  land  is  exceedingly  fertile  and  produces  good  yields  of  cotton 
and  corn  when  there  is  sufficient  rainfall. 

The  region  investigated  includes  a  small  part  of  the  Llano  country, 
in  the  northwest  along  the  Colorado  and  Llano  Rivers  and  north  of 
the  Edwards  Plateau.  The  region  is  rough  and  hilly,  with  low 
mountains,  the  elevations  ranging  from  1,000  to  1,800  feet.  The 
underlying  rocks  are  largely  granite.  In  many  places  they  are 
sparsely  covered  with  soil,  but  the  valleys  in  many  localities  have 
fertile  soils  suitable  for  the  culture  of  a  variety  of  crops. 

The  northwestern  portion  of  the  region  south  of  the  Llano  country 
is  occupied  by  the  southern  extension  of  the  Edwards  Plateau.  The 
region  extends  west  and  northwest  from  the  Balcones  escarpment,  a 
line  of  cliffs  or  hills  which  terminate  abruptly  just  west  and  north 
of  a  line  connecting  Austin,  San  Antonio,  and  Uvalde.  In  contrast 
to  the  Llano  country,  the  region  is  essentially  a  limestone  country 
and  is  rough  and  rugged,  being  cut  by  the  rivers  which  have  their 
source  in  this  region.  The  rivers  w^hich  cross  the  area  under  investi- 
gation either  originate  in  the  Edwards  Plateau  or  rise  at  the  base  of 
the  escarpment.  The  Edwards  Plateau  is  poorly  adapted  to  agri- 
culture, since  it  is  a  rugged,  hilly  countn'.  with  scant  soil  in  many 
places  and  a  rainfall  which  ranges  from  20  to  25  inches. 
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CLIMATOLOGY. 


RAINFALL. 


The  rainfall  of  the  territory  under  investigation  decreases  pro- 
gressively from  the  eastern  border  to  the  northwest  and  southwest, 
reaching  the  lowest  limit  in  the  southwest.  The  average  annual 
rainfall  in  Lavaca  County  in  the  extreme  eastern  portion  of  the  sec- 
tion is  more  than  30  inches,  while  at  Llano,  in  the  low  mountain 
country  in  the  northwest,  the  average  annual  rainfall  is  only  about  22 
inches.  In  the  extreme  southwestern  portion  some  localities  report 
as  low  an  average  as  20  inches  or  somewhat  less. 

Table  II. — Anniutl  preciintation  for  190'J  in  the  region  of  San  Antonio,  Tex. 


Stations. 


Total 
precipi- 
tation. 


Austin 

Beeville 

Blanco 

Boerae 

Cuero 

Falfurrias 

Flatonia 

Fredericksburg 
Georgetown . . . 

Gonzales 

Hallettsville. . . 
Hondo 


Inches. 
20.57 
30.81 
24.13 
25.76 
23.43 
25.42 
28.42 
21.86 
19.68 
24.53 
31.93 
17.54 


Departure 

from 

normal. 


Inches. 
-13.78 
+  1.25 

-  5.31 

-  6.11 
-10.66 


-  6.52 
-15.79 


-  1.22 
-10.53 


Stations. 


Total 
precipi- 
tation. 


Kerrville 

Luling 

Marble  Falls... 
New  Braunfels 

Rossville 

Range 

Sabinal 

San  Antonio... 

San  Marcos 

Taylor 

Uvalde 

Victoria 


Inches. 
26.02 
21.26 
21.14 
19.66 
16.59 
18.94 
19.34 
14.92 
29.81 
20.72 
18.19 
33.58 


Departure 

from 
normal. 


Inches. 

-  3.83 

-  7.93 


-10.45 
"-ii.'29 


-11.91 
-  1.51 
-14.75 


Table  II  shoAvs  that  the  total  rainfall  for  the  year  varied  from  14.92 
inches  at  San  Antonio  to  33.58  inches  at  Victoria.  All  stations  except 
Beeville  show  less  rainfall  than  normal,  the  departure  varying  from 
about  4  to  15  inches  in  the  greater  portion  of  the  territory. 

For  the  year  1909  only  a  narrow  .strip  of  territory  about  25  miles 
in  width,  occupying  the  extreme  southeastern  portion,  had  a  rainfall 
slightly  over  30  inche.s.  (See  fig.  2.)  The  greater  part  of  the  terri- 
tory north  of  Bexar  County  had  a  rainfall  of  20  to  30  inches,  while  a 
strip  25  or  30  miles  wide  lying  just  west  of  the  more  humid  south- 
eastern portion  had  a  rainfall  similar  to  the  northern  half.  In  a  small 
area  at  the  extreme  north  in  Williamson  County  the  rainfall  was  only 
10  to  20  inches.  The  extreme  west  and  the  entire  southAvest  had  a 
rainfall  of  10  to  20  inches  with  the  exception  of  a  small  part  of 
Zavalla  and  Dimmit  Counties,  where  it  dropped  to  less  than  10 
inches.  From  the  above  it  may  be  seen  that  about  one-half  of  the 
entire  area  had  a  total  annual  precipitation  ranging  from  10  to  20 
inches. 
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TEMPERATURE. 


Table  III  shows  an  average  mean  temperature  for  the  year  ranging 
from  66.1°  in  the  low  mountain  country  of  the  Edwards  Plateau  to 
72°  in  the  southern  portion. 


Fig.  2. — Map  of  that  part  of  the  State  of  Texas  presented  in  figure  1,  showing  the  rain- 
fall for  1909. 
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Table    III. — Maximum,    minimum,    and    mean    temperatures    for 

region  of  San  Antonio,  Tex. 


1909    in    the 


station. 


Austin 

Beeville 

Blanco 

Boerne 

Cuero 

Falfurrias 

Flatonia 

Fredericksburg . 

Georgetown 

Hallettsville.... 

Hondo 

Kerrville 


Luling 

New  Braunfels. 
Rossville 

Sabinal 

San  Antonio 

San  Marcos 

Taylor 

Uvalde , 

Victoria 


Maximum. 


Date. 


Aug.  19 

...do 

Aug.  18 
Aug.  19 
Aug.  20 
Aug.  18 
...do.... 

..do 

...do.... 
Aug.  20 
Aug.  IS 
Aug.  19 

Aug.  IS 

Aug.  19 
...do.... 

Aug.    4 

Aug.  20 

Aug.  18 

...do.... 

...do.... 

...do.... 


Tem- 
pera- 
ture. 


"F. 
102 
106 
107 
109 
109 
107 
107 
104 
112 
104 
108 
105 

105 

105 
108 

110 

107 

105 

109 

110 

101 


Minimum. 


Date. 


Tem- 
pera- 
ture. 


Jan. 
...do. 

Jan. 

Feb. 

Jan. 

Feb. 

Jan. 
...do. 
...do. 

Jan. 


11 


11 


Feb. 
/Jan. 
\Feb. 

Jan. 

Dec. 
(Jan. 
\Feb. 

Jan. 
/..do. 
\Feb. 

Jan. 
/Jan. 
\Fel). 

Feb. 


19 
23 
14 
14 
21 
23 
18 
11 
16 
20 


Mean. 


11 

19 

19 
20 

21 

20 

19 

15 

21 


'F. 
67.9 
72.0 
66.1 
67.  5 
71.2 
74.1 
70.5 
66.8 
67.4 
71.0 


66.6 

69.5 

69.5 
72.1 

72.0 

70.3 

68.4 

68.0 

71.6 

71.0 


The  month  of  August  was  marked  by  excessive  heat,  some  localities 
showing  a  temperature  as  high  as  110°  to  112°  F.  The  continuance 
of  the  high  temperature  for  several  days  following  or  subsequent  to 
the  maximum  recorded  was  general  for  the  entire  territory.  The  con- 
tinued high  temperatures  and  the  lack  of  the  customary  amount  of 
rainfall  caused  a  very  considerable  decrease  in  crop  yields.  Through- 
out the  area  cotton  did  not  make  half  a  crop,  many  fields  of  corn  were 
a  total   failure,  and  other  vegetation  suffered  in  a   corresponding 


degree. 


EVAPORATION. 


The  relative  total  evaporation  for  the  vicinity  of  San  Antonio  is 
high,  with  a  rate  between  that  of  a  desert  center  and  a  decidtious 
forest. 

Table  IV  shows  the  average  daily  evaporation  in  inches  for  the  year 
1909,  and  the  first  three  months  in  1910,  at  the  San  Antonio  Experi- 
ment Farm.     The  data  were  obtained  from  Mr.  C.  S.  Scofield,  who 
recorded  the  daily  evaporation  from  an  open-air  tank. 
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Table  IV. — Avcnuje  daily  evwporation  at  San  Antonio  Experiment  Farm. 


Month. 

Evapora- 
tion. 

-Average  for—           i          Month. 

Evapora- 
tion. 

Average  for— 

1909. 

January 

February 

March... 

Inch. 
0.103 
.149 
.188 
.235 
.237 
.331 
.357 
.274 
.241 

Entire  month. 

Do. 

Do. 
26  days.  > 
Entire  month. 
First  27  days. 
Last  25  days. 
First  30  days. 
Entire  month. 

1909. 

October 

Noveinher 

December 

1910. 

January 

February 

March 

I  Tick. 

0.182 
.127 
.092 

.090 
.103 
.191 

Entire  moutti. 
Do. 
Do. 

April. . 

May 

June 

First  24  days. 

July           ..     . 

Last  26  days. 

August 

Entire  month. 

September 

'  No  records  for  Apr.  17, 18, 19,  20. 


CROPS  AND  NATIVE  VEGETATION. 

The  climatological  character  of  the  San  Antonio  area  exchides  cer- 
tain crops  which  are  extensively  grown  in  more  northern  localities 
and  in  regions  of  greater  rainfall,  but  makes  possible  the  culture  of 
some  crops  which  are  characteristic  of  semitropic  conditions. 

FRUITS. 

Apple  orchards  conducted  on  a  commercial  scale  are  excluded.  In 
a  few  localities  small  numbers  of  trees  are  to  be  found  in  family 
orchards  which  generally  appear  to  be  seriously  affected  with  black- 
rot.  In  the  sheltered  valleys  in  the  low  mountain  country  to  the 
northwest  the  most  favorable  conditions  for  the  groAvth  of  apples  are 
found.  Several  nurseries  in  the  territory  grow  large  quantities  of 
apple  stock  for  shipment  to  old  Mexico,  Arizona,  and  the  Pecos  coun- 
try in  Texas.  The  young  trees  in  the  nursery  were  unusually  exempt 
from  diseases. 

Pears  are  more  successfully  grown  than  apples,  but  commercial 
orchards  are  rare.  Most  of  the  small  pear  orchards  have  been  very 
seriously  neglected,  and  it  is  not  surprising  to  find  them  affected  with 
such  diseases  as  black-rot  and  bitter-rot.  With  proper  care  and  culti- 
vation pears  could  be  more  extensively  grown,  since  they  are  much 
freer  from  fire-blight  than  in  the  more  humid  coast  country. 

Peaches  are  common  in  the  eastern  half  of  the  territory  and  are 
grown  to  some  extent  in  the  sheltered  vallej's  to  the  west  and  north- 
west. The  crop  for  1909,  however,  was  a  complete  failure,  owing  to 
the  severe  freezes  of  the  previous  winter.  The  sudden  drops  in  tem- 
perature following  warm  periods  which  had  started  vegetative  ac- 
tivity killed  many  peach  trees.  This  condition  will  explain  the 
rarity  of  such  diseases  as  brown-rot  and  peach  freckle  {Cladosponum 
carpophilum),  which  are  very  abundant  when  there  is  an  average 
crop.  The  entire  absence  of  the  peach  leaf-curl  which  is  so  common 
farther  north  may  be  noted.     Present   records  give  only  a   single 
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instance  of  this  disease  in  Texas,  and  that  from  the  northern  part  of 
the  State  (34).     The  die-back  appears  to  be  the  most  serious  disease. 

Apricots  are  grown  to  some  extent  where  peaches  are  found,  but 
are  rather  rare.  Plums  are  not  uncommon,  but  they  are  grown  less 
than  peaches.  The  crop  for  1909  was  a  failure,  and  this  will  explain 
why  the  common  brown-rot  is  not  reported.  The  failure  of  the  crop 
is  not,  however,  the  explanation  for  the  absence  of  "  plum  pockets," 
since  this  disease  appears  to  be  absent  during  normal  seasons.  Black- 
knot  was  not  found  in  any  of  the  localities  visited,  either  on  wild 
or  cultivated  species.  Xo  cherries  are  grown  in  this  territory,  and 
apparently  the  only  portions  of  the  State  where  they  can  be 
successfully  grown  are  the  Panhandle  country,  the  Llano  Estacado. 
and  portions  of  the  Red  River  Valley. 

Persimmons  are  not  uncommon,  especially  in  the  eastern  half  of 
the  territory.  The  various  Japanese  varieties  do  well,  but  the  lim- 
ited demand  has  prevented  their  extensive  planting.  Figs  are  grown 
throughout  the  eastern  and  more  humid  portion  of  the  region, 
although  more  favorable  conditions  are  found  in  the  humid  coast 
country  extending  from  Beaumont  to  Brownsville.  In  many  local- 
ities visited  the  fig  trees  were  killed  back  to  the  ground  by  the  severe 
winter,  but  they  generally  sprouted  up  again  from  the  roots.  Most 
of  the  trees  Avhich  were  not  killed  failed  to  produce  fruit  on  account 
of  the  abnormally  dry  season.  In  many  places  the  half-ripened 
fruit  dried  up  on  the  tree.  For  this  reason  no  information  is  at 
hand  concerning  the  prevalence  of  fig  diseases  which  attack  the  fruit. 
Citrus  fruits  are  grown  to  a  limited  extent  in  the  extreme  south- 
eastern portion,  in  Victoria  and  Bee  Counties,  while  some  nurseries 
farther  north  are  growing  large  quantities  of  Citrus  trifollata  stock 
Avhich  is  used  for  the  propagation  of  the  Satsuma  orange,  the  variety 
most  conmionly  grown.  Most  of  the  plantings  of  citrus  varieties  are 
only  a  few  years  old  (33).  The  date  palm  is  planted  to  some  extent 
in  the  citrus-fruit  territory,  but  none  of  the  trees  are  more  than  a  few 
years  old. 

Grapes  are  quite  generally  grown  throughout  most  of  the  territory, 
and  adapted  varieties  do  well  when  properly  cared  for.  The  black- 
rot  is  generally  prevalent  and  is  apparently  responsible  for  many 
of  the  failures  which  are  attributed  to  drought.  Strawberries  can 
be  groAvn  in  most  of  the  region  in  sufficient  quantity  for  home  con- 
sumption, but  the  main  strawberry  region  lies  to  the  east  in  the  more 
humid  section.  In  much  of  the  drier  portion  of  this  area  the  plants 
die  out  during  the  long  dry  period  of  the  summer  unless  specially 
protected  or  grown  Imder  irrigation.  Blackberries  are  grown  to 
some  extent,  but  they  are  relatively  rare  as  compared  with  dew- 
berries, which   are  extensively  grown  throughout  the  entire  area. 
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Raspberries,  currants,  and  gooseberries  are  practically  unknown  in 
any  part  of  the  area  studied. 

The  pecan  is  a  common  nut  crop  in  favorable  localities.  It  is 
native  throughout  the  area,  and  many  large  trees  may  be  found  along 
the  fertile  valleys  of  the  Llano.  Colorado,  Guadalupe,  and  Nueces 
Rivers.  Most  of  the  crop  is  obtained  from  the  natural  growth,  but 
some  groves  have  been  planted  along  the  river  valleys  where  the  rich, 
deep  soil  is  adapted  to  their  growth. 

TRUCK  CROPS. 

The  main  truck-growing  section  of  the  State  lies  farther  to  the 
east,  in  Smith,  Cherokee,  Anderson,  Henderson,  Rusk,  and  Angelina- 
Counties,  or  in  the  Brownsville  district  to  the  south,  but  nearly  all 
kinds  of  truck  crops  are  grown  to  some  extent  throughout  the  ter- 
ritory. In  nearly  all  of  the  localities  west  of  the  ninety-eighth 
meridian  truck  crops  grown  w^ithout  irrigation  are  uncertain,  and 
most  of  the  localities  in  the  western  half  of  the  region  do  not  supply 
even  a  sufficient  quantity  for  home  consumption. 

The  principal  truck  crops  which  are  grown  extensively  for  ship- 
ment to  northern  markets  are  potatoes,  w^atermelons,  and  onions. 
La  Salle  County  produces  large  quantities  of  onions,  but  Webb 
County,  just  to  the  southland  bej^ond  the  limits  of  our  area,  has  a 
much  larger  acreage.  Watermelons  are  grown  commercially  in  the 
sandy  soils  of  Bastrop  County  and  in  smaller  quantities  in  many 
other  sections.  Most  of  the  home 'gardens  have  an  abundance  of 
okra  and  peppers  and  other  common  vegetables,  such  as  peas,  beans, 
lettuce,  radishes,  and  eggplants.  The  Kentucky  Wonder  bean  is 
grown  more  extensively  than  any  of  the  wax-podded  varieties,  and 
the  black-eyed  pea  {Vigna  vngiiiculata)  is  common  in  the  vegetable 
garden,  being  frequently  substituted  for  the  less  hardy  Phaseolus 
varieties.  Cabbage  and  spinach  are  grown  on  a  commercial  scale  in 
several  localities  from  Austin  southward.  Spinach  is  marketed 
throughout  the  entire  winter  even  as  far  north  as  Austin.  The 
tomato  is  a  common  crop  in  all  of  the  irrigated  sections,  but  produced 
a  light  yield  during  1909  on  account  of  the  excessive  heat  in  the 
early  part  of  the  season,  followed  by  a  long  period  of  drought.  The 
greater  number  of  the  irrigated  truck  patches  suffered  heavy  losses 
from  nematodes,  and  tomatoes  were  more  seriously  affected  than 
any  other  crop.  Cucumbers  and  squashes  are  quite  generally  grown, 
the  main  varieties  of  squash  being  the  cushaw  and  the  small  bush 
varieties  (cymlings).  Asparagus  is  rare,  th^  only  large  field  ob- 
served being  at  Austin.  Its  limited  culture  is  apparently  due  to  the 
lack  of  demand  for  this  article  in  the  local  markets. 
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FIELD  CROPS. 

Cotton  and  corn  constitute  the  main  field  crops  throughout  all  of 
the  agricultural  portion  of  the  region.  The  western  half  of  the  area 
contains  but  a  small  acreage  adapted  to  these  crops,  and  only  small 
yields  are  obtained  even  in  the  more  fertile  valley  lands.  In  the 
black-land  regions  of  "Williamson  County,  eastern  Travis  County,  and 
much  of  Hays  and  Comal  Counties  may  be  found  continuous  fields  of 
cotton  and  corn,  -with  but  little  land  devoted  to  forage  or  other  crops. 
Oats  is  the  principal  small  grain,  but  wheat  is  grown  to  some  extent 
in  the  more  elevated  sections  of  the  west  and  northwest.  But  little 
rice  is  now  planted  in  this  area.  In  recent  years  the  limits  of  the 
rice-growing  country  have  been  gradually  pushed  more  into  the  coast 
region  or  into  the  more  humid  territory  to  the  east. 

FORAGE  CROPS. 

The  semiarid  conditions  which  prevail  throughout  the  greater  part 
of  the  area  make  the  different  sorghum  varieties  the  principal  crops 
cultivated  for  forage.  Cane,  Kafir  corn,  and  milo  maize  are  exten- 
sively grown.  In  the  region  surrounding  Austin,  especially  to  the 
north-  and  east,  may  be  found  extensive  meadows  of  Johnson  grass. 
Cane  and  Johnson  grass  are  the  most  common  kinds  of  hay  on  the 
local  markets.  xA.lfalfa  is  grown  only  to  a  very  limited  extent  in  any 
portion  of  the  region.  In  a  few  localities  it  is  grown  without  irriga- 
tion, but  under  irrigation  it  is  a  very  profitable  crop,  some  fields 
yielding  as  high  as  7  to  8  tons  per  acre.  In  some  localities  in  the 
southern  part  of  the  region  a  number  of  weedy  grasses  are  cut  for 
hay.  Among  these  may  be  mentioned  Panicum  texcm/u/m^  EcMno- 
cMoa  colona,  and  Eleusine  indica.  In  some  places  the  weedy  grasses 
grow  so  abundantly  in  cornfields  that  a  crop  of  hay  is  obtained 
following  the  harvesting  of  the  corn.  The  western  half  of  the 
area  is  devoted  very  largely  to  stock  raising,  and  many  of  the  300 
species  of  Texas  native  and  introduced  grasses  may  be  found  within 
the  territory  studied.  The  most  important  of  the  native  species  are 
Bulbilis  dactyloides,  Bouteloua  cwtipetidula^  and  various  species  of 
Bouteloua  and  Andropogon.  In  certain  portions  of  the  more  eastern 
part  pastures  of  Bermuda  grass  are  common,  and  in  some  places 
bur  clover  (Jledicago  arahica)  furnishes  valuable  winter  and  early 
spring  forage  in  the  same  pastures.  Bermuda  grass  is  the  only  species 
used  extensively  for  lawns. 

NATIVE  GROWTH. 

The  greater  portion  of  the  territory  lying  west  of  the  Colorado 
and  west  of  a  line  connecting  Austin,  San  Antonio,  and  Uvalde  is 
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a  part  of  the  low  mountain  country  of  the  Edwards  Plateau.  A  gen- 
eral idea  in  regard  to  the  character  of  the  vegetation  may  be  ob- 
tained from  the  following  quotation  (4)  : 

Its  structure  and  habits  indicate  that  it  is  a  xerophytic  or  dry-climate  vege- 
tation :  but  though  this  is  true  of  it  as  a  whole,  conditions  vary  enough  to  give 
in  some  places,  as  in  well-watered  and  sheltered  canyons,  a  relatively  luxuriant 
growth,  while  in  other  situations,  as  upon  stony,  arid  slopes,  there  is  the 
scantiest  vegetation. 

One  of  the  most  characteristic  features  of  this  area  is  the  extensive 
cedar  brakes  along  the  Colorado  from  Austin  to  the  northwest  and 
along  the  uj)per  waters  of  the  Llano,  Guadalupe,  Medina,  Nueces, 
and  Frio  Rivers. 

The  greater  part  of  the  region  lying  south  of  a  line  connecting 
Uvalde,  San  Antonio,  and  Skidmore  is  more  level  country,  much 
of  which  was  formerly  occupied  by  extensive,  open  grasslands,  but 
Avhich  now  shows  over  much  of  the  territory  dense  thickets  of 
mesquite,  cat's-claw,  haujilla,  huisache,  whitebrush,  platyopimtias, 
cylindropuntias,  and  similar  types  of  vegetation  (5  and  8). 

It  will  thus  be  seen  that  the  most  productive  portion  of  the  terri- 
tory lies  largely  to  the  east  of  a  line  connecting  Austin,  San  Antonio, 
and  Skidmore,  which  includes  the  southern  extension  of  the  black- 
land  prairie  and  the  timber  belt  of  east  Texas  and  extends  through 
the  Fayette  Prairie  to  the  edge  of  the  coast  prairie  on  the  southeast. 

RELATION   OF   DISEASES  TO   ENVIRONMENTAL   FACTORS. 

The  direct  relationship  between  the  environmental  factors,  both 
edaphic  and  climatological,  and  the  presence  or  absence  of  diseased 
conditions  of  the  vegetation  is  very  evident.  No  one  condition  due, 
perhaps,  to  the  character  of  the  soil  is  more  noticeable  than  chlorosis. 
It  atfects  practically  the  entire  vegetation,  being  more  evident  in  the 
truck  fields,  nurseries,  and  peach  orchards.  No  appreciable  effect  on 
cotton  and  corn  was  noted.  Since  this  chlorotic  condition  is  limited 
very  largely  to  the  Cretaceous  prairies  and  the  lime  soils  of  the 
Edwards  Plateau,  it  is  probably  a  lime  chlorosis  (38).  It  is  known, 
too,  that  continued  droughts  cause  plants  to  become  chlorotic.  This 
would  explain  in  part  the  greater  prevalence  of  this  condition  during 
the  past  year. 

The  downy  and  powdery  mildews,  which  are  quite  common  in 
the  States  farther  noi-th,  are  much  less  evident.  The  intense  sunlight 
and  the  high  temperatures  are  no  doubt  responsible  for  this.  The 
spores  of  certain  members  of  the  Peronosporacea?  are  known  to  ger- 
minate with  difficulty  in  daylight  and  to  exist  only  in  shaded  places 
where  the  temperatures  are  excessive.  The  amount  of  sunlight  can 
be  indicated  and  partially  appreciated  from  the  fact  that  the  actual 
number  of  clear  or  partly  cloudy  days  ranged  during  1909  from 
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203  to  324  and  the  cloudy  days  from  41  to  162  (6)  in  various  parts 
of  the  territory. 

Injury  to  truck  crops  and  nursery  stock  was  especially  severe  where 
irrigation  was  practiced.  Nematodes,  which  thrive  best  with  an 
abundant  supply  of  moisture,  caused  the  formation  of  galls  and  the 
consequent  improper  functioning  of  the  root  system.  While  injury 
from  this  source  is  very  general  over  the  territory,  it  is  more  pro- 
nounced in  irrigated  fields.  In  similar  places  Rhizoctonia  was 
abundantly  present  on  potatoes,  tomatoes,  okra,  and  eggplants. 

The  excessive  drought  together  with  the  high  temperatures  pro- 
duces a  languid  condition  in  the  aerial  parts  of  the  vegetation  and 
thus  renders  them  more  susceptible  to  the  attacks  of  fungi.  This 
would  account  for  the  prevalence  of  leaf-inhabitating  fungi,  of  which 
the  genus  Cercospora  is  an  abundant  representative.  While  it  is 
not  known  that  any  correlation  exists  between  the  presence  of  this 
genus  and  high  temperatures,  yet  it  seems  more  than  a  coincidence, 
since  Cercospora  diseases  are  not  nearly  so  abundant  in  the  Northern 
States  even  in  arid  places  or  during  seasons  of  drought. 

PLAN   OF  THE  WORK. 

The  collections  for  this  survey  were  begun  in  the  fall  of  1908. 
These  were  entirely  in  the  immediate  vicinity  of  Austin,  as  were 
those  of  a  part  of  the  following  season.  The  greater  part  of  the 
work,  of  necessity,  was  performed  in  the  months  of  July,  August, 
and  September,  1909,  with  a  less  amount  during  the  succeeding 
months  of  that  year.  Then  again,  in  the  spring  of  1910  a  very  con- 
siderable proportion  of  time  was  given  to  the  field  work. 

Attention  was  given  primarily  to  the  diseases  of  cultivated  plants, 
with  an  attempt  to  cover  all  the  varieties  of  field,  truck,  nurseiy, 
and  orchard  crops.  As  much  time  as  was  possible  was  given  to 
the  consideration  of  greenhouse  and  ornamental  plants,  with  reason- 
able emphasis  upon  shade  and  forest  trees.  The  natural  vegetation 
could  not  be  entirely  left  out  of  account,  however,  because  of  the 
fact  that  the  same  organism  may  be  the  cause  of  diseased  conditions 
in  both  wild  and  cultivated  forms. 

Notes  on  the  symptomatology  from  field  conditions  were  carefully 
made  in  the  field  at  the  time  of  collection.  The  value  of  accurate 
observations  in  the  field  in  regard  to  the  symptoms  attending  the 
progress  of  the  various  diseases  can  not  be  overestimated.  Actual 
determinations  of  the  causal  organism  would  have  been  impossible 
in  manv  instances  without  them. 

Many  of  the  facts  which  must  be  incorporated  in  our  future  pathologies  can 
not  be  obtained  from  dry  herbarium  specimens,  but  must  be  recorded  in  the 
field  while  the  patients  are  still  alive  and  not  after  they  are  dead  and  have  been 
stored  away  in  herbarium  sepulchres  (30). 
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Within  a  few  days  after  the  collections  Arere  made  a  preliminary 
diagnosis  was  made  in  the  laboratory  and  the  notes  were  completed, 
accompanied  by  drawings  and  actual  measurements  when  it  was 
deemed  advisable.  In  working  over  the  material  at  a  later  date  it 
was  occasionally  found  necessary  to  change  the  previous  determina- 
tion.    The  time  available  permitted  only  a  limited  amount  of  culture 

work. 

It  is  not  to  be  supposed  that  the  list  is  by  any  means  complete. 
The  territory,  comprising  over  30,000  square  miles,  is  too  large  to  be 
covered  in  the  time  which  has  been  devoted  to  the  work.  In  view  of 
the  diversity  of  crops  grown  in  the  various  sections  and  the  fact  that 
similar  crops  may  reach  the  same  stage  of  maturity  over  a  very  con- 
siderable range  at  the  same  time,  and  that  it  has  not  been  possible 
to  make  the  work  continuous  throughout  an  entire  year,  the  incom- 
pleteness will  be  properly  emphasized.  Enough,  however,  has  been 
done  to  be  very  suggestive  and  indicative  of  the  profitableness  of 

further  work. 

DISEASES  OF  FRUIT  TREES. 

APPLE. 

Black-rot  {Sphaeropsis  Tnalor'wn  Pk.). — This  is  the  most  common 
and  serious  disease  of  the  apple  {Mains  sylvestns  Miller)  in  this 
section.  The  foliage  of  the  young  plants  in  the  nurseries  was 
abundantly  spotted  and  many  twigs  and  limbs  of  the  trees  in  orchards 
were  seriously  affected  or  entirely  dead. 

Specimens  collected:  Austin,  4G0,  1270,  1911;  Kerrville,  1598;  Boerue,  1651, 
1652;  Nursery,  2552;  Stocl<dale,  2626;  Gonzales,  2659,  2660. 

Crown-gall  {Bacterium  tumefaciens  Erw.  Sm.  and  Townsend). — 
Trees  about  8  years  old  were  found  seriously  affected  in  one  locality. 
A  chlorotic  condition  preceded  the  death  of  the  tree  in  each  case. 

Specimens  observed :  Llano,  1772. 

Leaf -spot  {Cercospora  mali  Ell.  and  Ev.).— The  spots  caused  by 
this  fungus  are  circular  or  subcircular,  2  to  5  mm.  in  diameter,  silver 
gray  on  the  upper  surface  with  a  narrow  broAvn  border,  Avhile 
on  the  under  surface  they  are  of  a  uniform  brown.  Badly  af- 
fected leaves  turn  yellow  and  fall  from  the  trees,  or  they  may 
show  extended  brown  areas  of  dead  tissue  in  which  the  gray  spots 
are  quite  conspicuous.  The  conidial  tufts  are  very  abundant  and 
conspicuous  on  the  gray  centers  of  the  upper  surface,  showing  as 
minute  black  specks;  they  are  inconspicuous  on  the  brown  ground  of 
the  under  surface,  but  are  fairly  abundant.  It  may  be  noted  that 
the  original  description  characterizes  the  fungus  as  "  epiphyllous  " 
(18),  while  a  careful  examination  of  our  specimens  reveals  the  fact 
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mentioned  above.      The  range  in  size  of  the  spores  may  be  extended 
from  GO  to  70  by  2  to  2.5  p.  to  30  to  75  by  2  to  3  [i. 

SpecLmeu  collected:  Gonzales,  2660. 

Powdery  mildew  {Podosphaera  leucofticha  (Ell.  and  Ev.)  Salm.). — 
Apparently  tliis  disease  is  not  common  in  this  territory.  The 
peritheeia  were  abundant  on  the  stems  and  leaves  of  the  shoots  grow- 
ing from  the  base  of  trees. 

Specimen  collected :  Austin,  1273. 

APRICOT. 

Die-back  {Valsa  leucostoma  (P.)  Fr.). — Pustules  are  formed  on  the 
apricot  {Pnmus  aiineniaca  L.)  just  beneath  the  outer  bark.  At 
maturity  these  heaps  rupture  the  bark  and  are  exposed.  Wliile  it 
has  been  reported  on  several  species  of  the  genus  Prunus,  Rolfs  (42) 
mentions  its  occurrence  also  on  the  apricot.  Our  specimens  show 
only  the  Cytospora  stage. 

A  small  orchard  of  plums,  peaches,  and  apricots  at  Round  Rock 
was  seriously  affected  with  this  disease.  The  trees  were  about  8 
years  old.  Some  had  been  completely  killed,  while  others  were  in  a 
badly  crippled  condition. 

Specimen  collected:  Round  Rock,  2424. 

Shot-hole  {Cylindrosporlum  padi  Karst). — The  symptoms  are  the 
same  as  for  the  cherry  "  shot-hole,"  the  foliage  becoming  perforated 
with  circular  openings. 

Bacteria  were  present  in  abundance  in  the  dead  tissue  of  the  spots, 
and  were  apparently  responsible  for  the  shot-hole  effect.  Only  a  few 
spores  of  the  fungus  were  present. 

Specimens  collected :  Austin,  1441 ;   Nursery,  2551, 

DATE   PALM. 

Smut  {Graphiola  phoenicis  (Moug.)  Poit.). — The  smut  of  the  date 
palm  {Phoenix  dactylifera  L.)  is  confined  to  the  leaves.  It  produces 
small  protuberances,  the  sporocarps,  on  both  surfaces.  The  entire 
leaflets  or  considerable  portions  from  the  tips  downward  may  be 
brown  and  dead  in  case  of  severe  infections.  The  sporocarps  are 
dark  gray  or  black,  0.2  to  0.8  mm.  in  diameter;  when  mature  they 
rupture  and  extrude  a  mass  of  pale  chocolate-brown  spores.  (PL 
VIII,  fig.  1.) 

An  examination  of  the  herbaria  at  Washington  and  at  the  New 
York  Botanical  Garden  shows  that  it  has  previously  been  collected 
in  Florida,  Georgia,  California,  and  Texas,  and  in  conservatories  in 
various  Northern  States.  It  has  presumably  been  introduced  from 
the  Mediterranean  countries  where  it  is  not  uncommon  (26). 

Specimens  collected :  Beeville,  1849 ;  Victoria,  2525 ;  Falfurrias,  2453. 
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FIG. 

Die-back  {Diplodia  sycina  ]\Iont.  var.  syconophila  Sacc). — Trees 
of  the  fig  {Ficus  carica  L.  var.)  on  which  this  disease  is  present  liave 
dead  branches  sometimes  extending  well  down  toward  the  tiimk. 

Underneath  the  bark,  and  often  breaking  through,  are  densely- 
aggregated,  black  pycnidia,  350  to  400  fi  in  diameter,  containing  oval 
to  elliptical,  brown,  two-celled  spores,  18  to  35  by  9  to  14  fi. 

Specimens  collected :  Beeville,  1843,  Luling,  2242. 

Leaf-blotch  {Cercospora  fici  Heald  and  Wolf,  32).— This  trouble 
appears  late  in  the  summer,  forming  large  angular  or  irregular 
spots  on  the  leaves.  The  spots  are  dirty  brown  above  with  a  darker 
border  and  uniformly  yellowish  brown  beloAv.  They  vary  in  size 
from  1.5  to  10  mm.,  and  when  confluent  may  exceed  this  measurement. 
The  conidiophores  are  borne  in  dense  fascicles  on  the  upper  sur- 
face, 24  by  4  [JL,  and  are  dilute  brown.  The  conidia  are  clavate, 
brown,  60  to  180  by  3  to  4.5  fi,  and  many  septate.     (PI.  II,  fig.  8.) 

The  disease  was  very  abundant  in  several  localities,  involving  half 
the  leaf  surface  and  causing  the  leaves  to  fall. 

Specimens  collected:  Alctoria,  2501;  Cuero,  2593  (type  specimen)  ;  Flatonia, 
2711 ;  Hallettsville,  2784. 

Root-knot  {Heterodera  radieicola  (Greef)  Mill.).— Both  mature 
trees  in  the  orchard  and  cuttings  in  the  nursery  are  affected.  Some- 
times the  roots  near  the  surface  of  the  ground  are  abundantly  cov- 
ered with  the  galls.  On  the  older  trees  it  is  productive  of  no  ap- 
parent injury. 

Specimens  collected :  Beeville,  1848 ;  Nnrsery,  2555. 

Root-rot  {Ozonhmi  o?nnivorvm  Shear).— This  trouble  was  observed 
in  two  nurserias  in  which  it  was  very  common  and  productive  of 
serious  loss  among  the  cuttings. 

Specimens  collected:  New  Braunfels,  1678;  Beeville,  1851. 

Rust  {Physopella  fci  (Cast.)  Arth.).— The  circular  yellowish- 
brown  sori  about  1  nun.  in  diameter  are  produced  in  great  numbers 
on  the  lower  surface  of  the  leaves.  This  disease  appears  in  such 
abundance  in  kite  summer  as  to  cause  the  yellowing  of  the  leaves  and 
much  defoliation. 

Specimens  collected:  Austin,  458;  Falfurrias,  2458. 

Rusty-leaf  {Cercospora  holle ana  (Thm.)  Speg.).— Small  j^ellowish- 
brown  spots  1  nun.  or  less  in  diameter  appear  on  the  foliage.  The 
spots  are  more  prominent  and  more  yellow  on  the  under  surface  than 
on  the  upper.    AVhen  the  spots  are  abundant  a  considerable  amount 
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of  yellowing  of  the  foliage  results.     This  fungus  is  responsible  for 

much  early  defoliation  of  fig  trees.     (PL  II,  fig.  7.) 

Specimens  collected:  Austin,  1907;  Luling,  2243;  Seguin,  2320;  Georgetown, 
2363;  Victoria,  2333;  Cuero,  2601;  Stockdalc,  2643;  Gonzales,  2674;  Halletts- 
ville,  2787. 

ORANGE   AND  LEMON. 

Damping-off  {Phoma  sp.). — This  is  the  most  serious  trouble  of  the 
young  plants  of  Citrus  trifoUata  L.  in  tlie  nursery.  Often  a  large 
percentage  of  the  i^lants  will  be  yellow  or  completely  dry  and  dead. 
Near  the  ground  level  will  be  found  a  sunken  area,  12  to  19  mm.  long, 
on  which  are  black  dots,  the  pycnidia.  These  pycnidia  are  150  to 
200  fji  in  diameter  and  the  spores  are  5  to  7  by  3  /x.  Several  plants  in 
the  row  maj^  be  dead  and  the  adjacent  plants  apparently  unaffected. 
The  manner  in  which  the  fungus  gains  entrance  is  not  known.  Where 
the  gi'ound  has  been  allowed  to  remain  wet  in  low  places  the  loss  is 
gi'eatest. 

It  is  not  possible  definitely  to  assign  this  Plioma  to  any  of  the  many 
species  of  Phoma  described  as  occurring  on  citrus  hosts. 

Specimens  collected  :  On  Citnis  trifoliata  L. — Beeville,  1847 ;  Flbresville,  2855. 

Leaf-spot  {Cercospora  mtrantia  Heald  and  Wolf,  32). — This  fun- 
gus forms  large  spots,  6  to  10  mm.  in  diameter,  and  suborbicular  ex- 
cept Avhen  they  are  marginal.  They  are  dark  brown  in  color  with  a 
lighter  brown  center,  and  are  surrounded  by  a  region  of  yellow  which 
fades  out  into  the  green  of  the  leaf.  The  conidiophores  are  formed 
on  the  under  surface  in  small  groups,  brown,  septate,  100  to  180  by 
5  to  6  /x,  showing  plainly  the  points  of  attachment  of  the  conidia.  The 
conidia  are  dilutely  colored,  clavate,  75  to  135  by  4  to  5  /x,  and  many 
septate.     (PI.  I,  fig.  8.) 

Specimen  collected:  On  Citrus  aurantium  ,<tinpn.<<i.<i  T^.^Falfurrins,  2446  (type 
specimen). 

Twig-blight  {Diplodia  aurcmtU  Catt.).— Tlie  ends  of  the  branches 
are  killed  and  the  black  pycnidia  which  are  formed  beneath  the  bark 
at  length  protrude. 

Specimens  collected :  On  Citrus  trifoliata  L. — Nursery,  2546 ;  Falfurrias, 
2447. 

Twig-blight  {Sphaeropsis  malorum  Pk.). — This  fungus  has  been 
found  on  blighted  twigs  and  less  frequently  on  the  leaves  of  Citrus 
trifoliata  L.  The  trouble  was  observed  at  the  Austin  station  in  a 
hedge  which  stood  adjacent  to  some  apple  trees  which  were  very  seri- 
ously infected  with  black-rot. 

Specimen  collected:  On  Citrus  trifoliata  L. — Austin,  1324;  Cuero,  2596;  Fal- 
furrias, 2447;  Gonzales,  2677;  Nursery,  2544. 

Wither-tip  {Collet otrichum  gloeosporioides  Penz.). — Both  leaves 
and  twigs  are  attacked.     The  leaves  form  brown  areas  which  become 

226 


28  A  PLANT-DISEASE   SURVEY  TN   TEXAS. 

somewhat  grayish  when  the  epidermis  has  been  ruptured  by  the  pro- 
truding acervuli. 

The  twigs  may  be  killed  back  from  the  tip  or  along  one  side,  caus- 
ing the  branches  to  be  angular.  Some  trees  were  observed  on  which 
the  disease  had  worked  well  down  on  the  tnnik. 

Specimens  collected:  (1)  On  Citrus  limonum  Risso. — Austin.  1443.  (2)  On 
C.  aurantium  sinensis  L. — Beeville,  1846  (doubtful). 


PEACH. 


Crown-gall  {Bacterium  tumefaciens  Erw.  Sm,  and  Townsend). — 
Just  to  what  extent  this  trouble  is  present  on  the  peach  {Amygdalus 
persica  L.)  is  not  known.     It  was  observed  in  two  places  only. 

Specimens  collected:  Uvalde.  1939;  Round  Rock. 

Die-back  {Valsa  leucostoma  (P.)  Fr.). — This  is  the  most  widely 
distributed  and  most  serious  trouble  of  the  peach.  (See  also  plum 
and  apricot.)  The  entire  tree  may  be  killed  or  only  the  smaller 
branches.  Orchards  were  observed  in  which  nearly  all  the  trees 
were  dead,  giving  them  a  ver^'  characteristic  silvery  appearance.  The 
bark  is  elevated  in  wartlike  nodules  covering  dark-broAvn  or  black 
pustules.  These  at  length  are  exposed  on  the  surface.  Our  speci- 
mens show  only  the  Cytospora  stage. 

Specimens  collected:  San  Antonio,  1368,  3170;  Kerrville,  1594,  1596;  Boeme, 
1644 :  Beeville,  1825 ;  Elgin,  1873 ;  Bastrop,  2038 ;  Lockliart,  2080 ;  San  Marcos, 
2122:  Seguin,  2288;  Round  Rock,  2423;  Victoria.  2521;  Nursery.  2557;  Stock- 
dale.  2625;  Gonzales,  2670;  Flatouia,  2731;  Yoakum,  2756. 

Freckle  {CladospoHum'  cavpophilum  Thm.). — This  disease  is  gen- 
eral wherever  the  peach  is  grown,  but  was  collected  only  a  few  times, 
since  the  peach  crop  was  almost  a  complete  failure  in  our  territory. 

Specimens  collected:  Austin,  1440;  Beeville,  1838;  Elgin,  1892;  Georgetown, 
2362. 

Eust  {Tranzschelia  punctata  (P.)  Arth.).— The  rust  of  the  peach 
shows  on  the  upper  surface  of  the  leaves  as  definite,  circular,  or  sub- 
circular,  yellow  spots  which  average  about  1  mm.  in  diameter.  The 
color  of  the  spot  on  the  under  surface  is  the  same,  but  the  center  of 
each  is  occupied  by  a  minute  yellowish-brown  sorus. 

This  rust  is  abundant  on  peach  foliage  in  some  localities  and  causes 
defoliation  in  the  latter  part  of  the  growing  season. 

Specimens  collected:  Austin.  202,  210.  454,  468;  San  Marcos,  2100:  Nursery, 
2560. 

Shot-hole  and  leaf -spot  {Bacterium  pnini  Erw.  Sm.).— This  disease 
is  characterized  in  its  typical  condition  by  small,  irregular  or  angular, 
purplish-brown  spots,  2  to  5  mm.  in  diameter,  which  are  crowded  full 
of  bacteria.     In  some  of  our  collections  the  spots  are  less  angular  and 
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lack  the  purple  coloration,  and  the  leaves  show  more  or  less  chlorosis, 
but  only  bacteria  were  found  in  the  dead  spots.  The  diseased  tissue 
frequently  drops  out,  leaving  perforations  with  dead  marginal  tissue. 
Korer  (-13)  has  recently  shown  that  the  bacterium  on  the  peach  is 
probabl}''  identical  with  the  one  on  the  fruit  and  leaves  of  the  plum, 
and  we  have  collected  the  bacterial  spots  of  both  hosts  from  adjacent 
trees. 

Specimens  collected  :  San  Antonio,  lo65,  1399 ;  Kerrville,  1.592 ;  Beeville,  1863 ; 
Elgin,  1888 ;  Uvalde,  1933 ;  San  Marcos,  2101 ;  Nursery,  2553 ;  Gonzales,  2671. 

Twig-blight. — In  one  locality  peach  trees  were  badly  blighted,  but 
no  indication  of  die-back  was  observed.  The  dead  twigs  and  branches 
showed  an  abundance  of  erumpent  pustules  which  we  have  referred 
to  Fusarium,  sarcochroiwi  (Desm.)  Sacc.  It  is  not  probable  that 
this  fung-us  was  responsible  for  the  disease. 

Specimen  collected :  Falfurrias,  2456. 

PEAR. 

Bitter-rot  canker  {Glomenlla  rufomaculans  (B.)  Spaul.  and  Von 
Schr.). — The  cankers  caused  by  this  fungus  on  the  pear  {Pyrus  com- 
munis L.)  have  been  found  in  both  young  and  old  orchards,  and  the 
disease  is  responsible  for  a  considerable  amount  of  injury.  The 
specimens  collected  represent  rather  young  twigs,  and  the  cankers 
show  as  circular,  elliptical,  or  irregular  areas,  1  to  3  cm.  long,  or 
they  may  girdle  the  twig.  In  the  young  stages  of  development  the 
bark  is  yellowish  brown  and  slightly  tumid  and  at  length  cracks 
away  around  the  margin  of  the  spot,  leaving  the  dead  bark  more  or 
less  isolated.  As  the  spots  become  older,  more  or  less  irregular  rup- 
tures are  formed;  these  ruptures  are  frequently  concentrically  dis- 
posed, while  the  whole  spot  becomes  somewhat  sunken.  Only  the 
conidial  stage  of  the  fungus  was  found. 

Specimens  collected:  Kerrville,  1599;  Nursery,  2570;  Gonzales,  2666;  Fla- 
tonia,  2714. 

Black-rot  {Sphaer'opsis  mcdorum  Pk.). — This  disease  has  been  ob- 
served to  cause  the  characteristic  cankers  on  the  branches  and  the 
rotting  of  the  fruit. 

Specimens  collected:  Boerne.  1650;  Austin,  2219;  Georgetown.  2399 (a )  ; 
Nursery.  2572;  Stockdale,  2629;  Hallettsville,  2786. 

Crown-gall  {Bacterium  tumefadens  Erw.  Sm.  and  Townsend). — 
Collected  in  an  orchard  6  or  8  years  old,  where  about  75  per  cent 
of  the  trees  were  dead. 

Specimen  collected :  Llano,  1771. 

Fly-speck  {Le ptothynum carpophilumVQ.?,^.) . — Minute  black  specks 
appear  on  the  fruit,  rendering  it  unattractive. 
Specimens  collected:  Cuero,  2599;  Hallettsville,  2794. 
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Fire-blight  {Bacillus  amylovorus  (Burr.)  Trev.). — This  trouble  is 
rather  common  in  our  territory  and  is  responsible  for  a  very  con- 
siderable amount  of  damage  to  the  pear  trees,  blackening  the  leaves 
and  twigs. 

Sitecimens  collected:  Austin,  1319;  Brenharu.  1460;  Boerne,  1657;  Elgin, 
2001;  Lockhart,  2081;  San  Marcos,  2123;  Nursery,  2571;  Cuero,  2000;  Stock- 
dale,  2628;  Flatonia,  2713;  Hallettsville,  2785. 

Leaf -blight  {Cercospora  minima  Tracy  and  Earle.) — This  fungus 
produces  irregular  angular  areas  1  to  10  mm.  or  more  in  diameter, 
brown  or  sometimes  showing  a  grayish  color  in  older  portions,  and 
frequently  bounded  by  the  principal  veins.  Spots  may  be  few  in 
number,  or  they  may  be  sufficiently  abundant  to  coalesce  and  nearly 
cover  the  leaf.  Affected  leaves  frequently  show  a  considerable 
amount  of  chlorosis,  and  many  fall  from  the  tree.  In  several  locali- 
ties the  pear  trees  were  nearly  defoliated  by  this  disease. 

Specimens  collected:  Victoria,  2511;  Nursery  2541;  Cuero,  2605;  Gonzales, 
2707  ;  Flatonia,  2712  ;  Hallettsville,  2775  ;  Falfurrias,  2454. 

Leaf -spot  {FaJjraea  maculata  (Lev.)  Atk.).— These  spots  are  gray- 
ish brown,  circular,  and  about  2  to  -1  mm.  in  diameter.  The  black 
pycnidia  are  sparsely  present  on  the  upper  surface. 

Specimens  collected:  Austin,  364;  New  Braunfels,  1705;  Llano,  1761;  Stock- 
dale,  2680. 

Rust-spot  {Gymnosyorangium  sp?). — These  are  the  Phyllosticta- 
like  infections  of  a  rust.  Small  circular  spots  about  2  or  3  mm.  in 
diameter  are  formed.  They  are  brown  with  a  very  dark  border  and 
a  central  dark  cluster  of  spermagonia. 

Specimen  collected:  New  Braunfels.  1689. 

PERSIMMON. 


Black  leaf -spot  {Cercospora  fuliginosa  Ell.  and  Kellerm.). — Affected 
leaves  of  the  persimmon  {Diospyros  sp.)  show  circular  or  subcircular 
spots,  1  to  5  mm.  in  diameter,  on  the  upper  surface  black  with  yellow 
border;  on  the  under  surface  purplish  black  with  indefinite  border. 
With  maturity  of  spots  the  centers  on  both  surfaces  may  become 
brown  or  ffrav.  In  some  cases  the  leaves  turn  vellow  and  fall,  while 
in  others  extended  brown,  dead  areas  may  be  produced  before  the 
leaf  is  cast. 

Our  specimens  differ  from  the  original  description  only  in  the  size 
of  the  spots  (1  to  2  mm.). 

Specimens  collected:  On  Diospyros  kaki  L. — New  Braunfels,  1706;  George- 
town, 2361 ;  Victoria,  2537 ;  Stoclidale,  2642.  All  specimens  except  2361  are 
immature  infections. 
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Leaf -spot  {Cercospora  kaJci  Ell.  ;uul  Ev.). — The  spots  caused  by 
this  fungus  (Ifi)  are  yellowish  brown  below,  with  a  very  dark,  almost 
black  border,  angular,  2  to  5  mm.  in  diameter  or  occasionally  larger, 
the  veins  frequently  marking  the  edge  of  the  spot.  On  the  upper 
surface  the  spots  are  darker  brown  Avith  definite  dark  border,  the 
center  becoming  gi\ayisli  and  showing  numerous  black  conidial  tufts. 
The  affected  leaves  become  chlorotic  and  fall. 

The  conidial  tufts  are  epiphyllous,  very  abundant,  almost  black, 
and  are  composed  of  a  dense  aggregate  of  dark-brown,  septate  hyphse, 
which  extend  30  to  45  /x  above  the  leaf  surface  and  produce  an  aggre- 
gate having  the  appearance  of  a  pseudoparench3nna  for  an  equal  dis- 
tance below  the  leaf  surface.  Spores  densely  fasciculate,  olivaceous, 
nearly  straight,  3  to  5  septate,  slightly  clavate,  cells  sometimes  two 
guttulate,  45  to  60  by  3  to  4  /..    (PL  VII,  fig.  3.) 

Our  specimens  differ  from  the  type  in  the  size  and  character  of  the 
conidiophores  and  the  colored,  definitely  septate  spores. 

The  disease  was  very  abundant  in  the  localities  where  it  Avas 
observed. 

Specimeus  coUected :  Ou  Diospyros  kaki  L. — Gonzales,  2651 ;  Hallettsville, 
2778. 

Leaf-spot  and  fruit-rot  {Phyllostirta  hiformis  Heald  and  "Wolf, 
32). — The  Mexican  persimmon  is  affected  by  a  fungus  which  pro- 
duces black  pycnidia  in  clusters  upon  the  upper  surface  of  the  leaves. 
At  first  thev  are  surrounded  bv  the  green  tissue,  but  later  a  dark- 
margined  spot  2  to  5  mm.  in  diameter  is  formed  which  is  grayish 
with  the  black  pycnidia  distinctly  visible.  The  pycnidia  show  on  the 
fruit  as  minute  pustules  or  slightly  sunken  spots,  but  are  not  very 
evident  on  account  of  the  dark  color  of  the  fruit. 

The  pycnidia  on  the  leaves  are  globose,  150  /*  in  diameter,  ostiolate, 
and  produce  an  abundance  of  hyaline,  densely  granular  spores,  6  by 
9  ju.  (PI.  V,  fig-  8.)  The  pycnidia  on  the  fruit  are  much  more  flat- 
tened, are  covered  by  the  very  thick  epidermal  wall,  and  contain 
spores  similar  to  those  on  the  leaf  except  that  they  are  dilute  broAvn 
in  color.     (PI.  V,  fig.  9.) 

Specimens  collected  :  On  Diospyros  tcxana  Scbeele — Llano,  1739 ;  Austin,  1548, 
2896   (type  si)ecimeu). 

PLUM. 

Bacterial  leaf -spot  {Bacterhini  pruni  Erw.  Sni.). — This  is  very 
probably  the  same  organism  which  has  been  described  in  this  report 
as  occurring  on  the  peach.  It  produces  on  the  plum  (Prumis  spp.) 
irregular  dark  areas  which  sometimes  show  somewhat  of  a  shot-hole 
effect.     This  diseased  tissue,  however,  is  crowded  with  bacteria. 

Specimens  collected :  Uvalde,  1934 ;  San  Marcos,  2132. 
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Bacterial  twig-canker. — The  first  indication  of  the  disease  on  the 
twigs  is  the  swollen  longitudinal  ridges  of  the  cortex.  In  cross 
section  this  ridge  shows  numerous  radial  rifts  extending  outward  to 
just  below  the  ej)idermis.  Eventually  these  radial  rifts  extend 
outward  through  the  epidermis,  and  open  longitudinal  slits  are  pro- 
duced. Bacteria  are  abundantly  present  in  the  cankered  tissue. 
This  may  be  the  same  organism  which  attacks  the  leaves  and  fruits. 
It  has  been  previously  reported  (29)  on  the  twigs.  This  is  a  very 
general  trouble  of  the  plums  of  this  section.     (PI.  VIII,  fig.  3.) 

Specimens  collected :  Sau  Antonio,  1400 ;  Austin,  1433 ;  Seguin,  2290. 

Die-back  {Valsa  leucostoma  (P.)  Fr.). — The  symptomatology  is 
identical  with  a  trouble  described  under  the  same  name  as  occurring 
on  the  peach.     This,  too,  is  present  to  a  very  considerable  extent. 

Specimens  collected:  Austin,  1439;  Kerrville,  1597;  Beeville,  1S62;  Seguin, 
2285 ;  Round  Rock,  2422 ;  Victoria,  2522 ;  Stockdale,  2627 ;  Gonzales,  2669. 

Leaf -spot  {Phyllostlcta  congesta  Heald  and  Wolf,  32). — On  the 
upper  surface  of  the  leaf  are  very  numerous  brown  areolae  bounded 
by  the  veins  of  the  leaf.  The  lower  surface  may  not  be  discolored. 
These  minute  spots,  0.5  to  0.8  mm.  in  diameter,  fuse.  Each  contains 
at  its  center  a  single  black  pycnidium  50  to  125  /x  in  diameter.  The 
pycnidia  contain  globular  or  slightly  oval  clear  spores  6  to  9  j;.  in 
diameter. 

Specimen  collected:  Boerne,  1554   (type  specimen). 

Kust  {Tranzschelia  punctata  (P.)  Arth.). — The  sori  are  frequently 
so  abundant  as  to  make  the  leaf  seem  uniformly  chocolate  brown. 
In  one  orchard  the  trees  were  very  seriously  affected. 

Specimens  collected :  Austin,  450,  467 ;  Cuero,  2595. 

Shot-hole  {Cylindrosporium,  padi  Karst.). — This  is  the  most  gen- 
eral trouble  of  the  plum,  producing  brown,  circular  areas  w^hich  drop 
out,  giving  the  "  shot-hole  "  effect. 

Specimens  collected:  Austin,  449,  1279,  1431;  San  Antonio,  1387;  Brenham. 
1461 ;  Kerrville,  1593 ;  Boerne,  1655 ;  New  Braunfels,  1704  ;  Llano,  1758 ;  Beeville, 
1839,  1800;  Elgin,  1882;  Bastrop,  2030;  Luliug.  2244;  Seguin,  2291;  Georgetown, 
2364;  Round  Rock,  2404;  Victoria,  2508;  Nursery,  2550;  Cuero,  2598;  Stock- 
dale,  2620 ;  Gonzales,  2672 ;  Flatonia,  2734  ;  Hallettsville,  2781. 

Silver-twig. — The  bark  on  the  twigs  becomes  silvery  in  appearance. 
It  is  found  to  be  infested  with  the  brown  septate  filaments  of  a 
fungus,  which  grow  just  beneath  the  epidermis.  The  surface  cells  are 
raised  so  as  to  admit  air,  thus  producing  the  silvery  coloration. 

Specimen  collected:  Falfurrias,  2457. 
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DISEASES   OF   SMALL   FRUITS. 
BLACKBERRY. 

Leaf -spot  {Septoria  ruhi  Westd.). — This  disease  was  observed  in 
only  two  localities,  as  the  blackberry  {Ruhus  sp.)  is  not  commonly 
cultivated  in  this  section.     The  foliage  was  very  copiously  spotted. 

Specimens  collected:  Llano,  1765;  Floresville,  2857. 

DEWBERRY. 

Leaf -spot  {Septoria  rvhi  Westd.). — This  fungus  produces  on  the 
dewberry  {Ruhus  sp.)  purple-margined,  grayish-centered  spots,  1  to 
2  mm.  in  diameter.  It  is  abundantly  present  everywhere  on  both 
wild  and  cultivated  forms. 

Specimens  collected:  Austin,  375,  1268,  1318;  San  Antonio,  1364,  3150; 
Brenliam,  1464;  Boerne,  1658;  New  Braunfels,  1693;  Luling,  2271;  Seguin, 
2323;  Georgetown,  2360;  Victoria,  2514;  Gonzales,  2675;  Flatonia,  2728. 

Leaf -spot  {Cercospora  rubi  Sacc). — Large,  brown,  irregularly  out- 
lined areas  characterize  this  disease.  It  is  perhaps  as  generally  pres- 
ent as  the  other  leaf-spot  and  as  destructive. 

Specimens  collected:  Elgin,  1871;  Bastrop,  2058;  San  Marcos,  2116;  Luling, 
2246 ;  Round  Rock,  2411 ;  Victoria,  2504 ;  Nursery,  2554 ;  Cuero,  2594 ;  Flatonia, 
2728;  Yoakum.  2763;  Hallettsville,  2782. 

GRAPE. 

Black-rot  {Gu'tgnardia  hidwellii  (Ell.)  Viala  and  Ravaz). — This 
is  the  most  common  and  most  destructive  disease  of  the  grape  {Vitis 
spp.).  On  the  leaves  it  produces  conspicuous,  circular,  brick-red 
spots,  2  to  8  mm.  in  diameter.  Embedded  in  these  areas  are  the  black 
pycnidia.  It  also  occurs  very  abundantly  on  the  fruit,  and  in  sev- 
eral cases  observed  the  crop  was  a  total  failure,  leaving  dry,  wrinkled 
mummies  in  place  of  the  normal  fruits.  It  was  observed  on  several 
varieties  of  cultivated  grapes,  among  them  Thompson's  Seedless  and 
the  Mission,  also  on  several  wild  species,  as  Vitis  cinerea  Engelm.,^ 
V.  candicans  Engelm.,  and  V.  inonticola  Buckl. 

Specimens  collected:  Austin,  1276,  1326,  1412.  1560,  3056,  3062;  San  Antonio, 
1336,  1391;  Brenham.  1463;  Hempstead,  1499;  Kerrville,  1622;  Boerne,  1645; 
Beeville,  1S15.  1834,  1835;  Bastrop,  2047;  Luling.  2231,  2255;  Georgetown,  2382; 
Round  Rock,  2405;  Gonzales.  2665;  Flatonia,  2717;  New  Braunfels,  1696;  Elgin, 
1880 ;  Lockhart,  2084 ;  Yoakum,  2758 ;  Hallettsville.  2776. 

Downy  mildew  {Plasmopara  viticola  (B.  and  C.)  Berl.  and  De 
T.). — A  white,  downy  coating  is  produced  in  spots  on  the  under  sur- 
face of  the  affected  leaves.  It  is  not  at  all  common  in  this  section, 
having  been  observed  but  once. 

Specimen  collected :  Austin. 
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Leaf -spot  {Cercospora  mticola  (Ces.)  Sacc). — This  fungus  causes 
the  formation  of  large,  dark-brown,  almost  black,  spots  on  the  upper 
surface  of  the  leaf  which  show  below  as  much  fainter  brown  areas. 
They  are  somewhat  circular  in  outline  and  2  to  10  mm.  in  diameter. 
(PL  VIII,  fig.  2.)  The  conidia  formed  on  the  lower  leaf  surface 
are  clavate,  more  or  less  curved,  brown,  and  42  to  60  bv  5  to  7  \i. 
(PL  III,  fig.  8.)  ^ 

It  becomes  very  abundant  in  the  late  summer,  causing  the  leaves 
to  be  badly  spotted  and  producing  considerable  defoliation.  The 
disease  is  present  on  both  wild  and  cultivated  forms. 

Specimens  collected :  Austin.  251 ;  Tyler,  1551 ;  Boerne,  1645 ;  New  Braunfels, 
1695;  Llano,  1762;  Beeville,  1864;  Bastrop,  2027;  San  Marcos,  2108;  Luling. 
2250;  Seguin,  2306;  Victoria,  2513;  Nursery,  2561;  Cuero,  2591;  Stockdale, 
2633;  Gonzales,  2657,  2692;  Flatonia,  2732;  Hallettsville,  2777,  2791,  2793; 
Floresville,  2852. 

Sooty  mold  {Fumago  vagans  (?)  P.). — The  upper  leaf  surface  is 
coated  over  with  a  black,  sooty  covering.  Observed  in  only  a  single 
locality. 

Specimen  collected :  Luling,  2263. 

STRAWBERRY. 

Leaf-spot  {Mycosphaerella  fragariae  (Tul.)  Lindau). — When  the 
spots  first  appear  on  the  leaves  of  the  strawberry  {Fragaria  sp.)  they 
are  brownish  or  reddish,  becoming  circular,  3  to  6  mm.  in  diameter, 
with  a  dead  white  or  grayish  center  and  a  broad,  purplish  margin. 

Specimens  collected:  Austin,  1314;  Beeville,  1845. 

DISEASES   OF   TRUCK   CROPS. 
ASPARAGUS. 

Blight  {Cercospora  asparagi  Sacc). — On  the  cladophylls  and 
branches  of  asparagus  {Asparagus  officinalis  L.)  diffuse  grayish- 
brown  spots  are  produced.  Densely  clustered  over  these  areas  are 
dark  fascicles  of  conidiophores  and  conidia.  Large  branches,  espe- 
cially on  the  older  parts  of  the  plant,  are  killed. 

Specimens  collected:  Victoria.  2505;  Floresville,  2853. 

Rust  {Puccinia  asparagi  DC). — The  rust  of  asparagus  was  ob- 
served in  only  one  locality.  This  can  be  explained  by  the  fact  that 
asparagus  is  rarely  cultivated  in  the  territory  covered  by  this 
survey. 

Specimens  collected :  Austin,  383,  1916,  2946. 

BEAN. 

Antliracnose  {C olletotrichum  lindernKthianum  (Sacc.  and  ]\fagnus) 
Briosi  and  Cav.) — The  anthracnose  is  generally  prevalent  on  beans 
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(string  or  snap  bean,  Phaseolus  vtdgans  L.)  throughout  our  terri- 
tory. Only  a  foAv  specimens  were  collected,  since  the  bulk  of  our 
field  work  was  done  after  most  of  the  crop  had  been  harvested.  Rec- 
ords from  pickings  in  one  garden  (Golden  wax)  in  Austin  were 
obtained  with  the  following  result:  Picking  May  17,  no  anthracnose ; 
May  21,  4.35  per  cent ;  May  26,  100  per  cent. 

The  rapid  increase  between  May  21  and  26  was  favored  by  an 
abundance  of  rain. 

In  some  localities  the  Kentuclcy  Wonder,  a  climbing  variety  with 
green  pods,  is  seriously  affected.  The  foliage  is  little  affected  by  this 
disease,  but  bacterial  blight  is  often  present  and  may  be  erroneously 
diagnosed  as  anthracnose. 

Specimens  collected  :  Austin  ;  San  Antonio,  1395 ;  Llano,  1764. 

Stem  anthracnose  {C oUetoti'ichum.  eaulicolum  Heald  and  Wolf, 
32). — A  destructive  disease  of  the  Kentucky  Wonder  bean,  observed 
in  a  single  locality,  was  found  to  be  due  to  this  fungus.  A  super- 
ficial examination  of  the  affected  field  showed  a  considerable  number 
of  plants  which  were  completely  dead,  others  were  dying,  while  still 
others  that  were  less  affected  exhibited  more  or  less  chlorosis  of  the 
foliage.  An  examination  of  the  root  system  showed  it  to  be  in  normal 
condition,  while  the  only  deviation  from  normal  in  the  foliage  was 
the  marked  chlorosis. 

An  examination  of  the  stems  showed  that  brown,  depressed  cankers 
were  present  an  inch  or  more  above  the  ground  level.  The  cankers 
were  longitudinally  elongated  (20  to  40  mm.),  more  or  less  irregu- 
lar, rough  and  frequently  somcAvhat  fissured  or  open.  On  the  chlo- 
rotic  plants  the  canker  occupied  one  side  of  the  stem,  on  the  plants 
that  were  dying  the  stem  was  nearly  girdled,  and  on  all  dead  plants 
examined  the  canker  had  completely  encircled  the  stem.  (PI.  VI, 
%  8.) 

Acervuli  do  not  occur  on  the  young  cankers,  but  nearly  mature 
or  complete  cankers  show  a  few  which  are  visible  to  the  naked  eye 
as  small  black  specks  (PI.  VI,  fig.  8  («),  while  they  become  much 
more  abundant  on  the  stems  of  plants  which  have  been  dead  for  a 
few  da3's. 

Acervuli  scattered,  black  when  mature,  low  convex,  150  to  250  y^  in 
diameter  (PI.  VI,  fig.  6)  ;  setae  abundant,  brown,  septate,  blunt 
pointed  or  sometimes  tapering,  60  to  120  by  3.5  to  4  /*;  conidiophores 
jnearly  half  the  length  of  the  setae,  cylindrical,  hyaline,  generally 
one  or  two  septate;  spores  falcate,  hyaline,  granular,  and  18  to  30 
by  3.5  to  4  iu.     (PI.  VI,  fig.  7.) 

Two  species  of  Colletotrichum  have  previously  been  reported  as 
occurring  on  Phaseolus  species.  Colletotrichum  lindemvtManum 
(Sacc.  and  Magnus)   Briosi  and  Cav.  is  the  cause  of  the  common 
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antliracnose.  It  may  be  noted  that  this  species  is  still  retained  under 
the  genus  Gloeosporium  by  Lindau  (37),  since  the  production  of 
setae  is  of  such  rare  occurrence.  It  is  known  to  attack  seeds,  pods, 
leaves,  and  stems.  C olletoirichum  lagenarium  (Pass.)  Ell.  and  Hal., 
has  been  reported  as  occurring  on  different  species  of  beans  by  two 
different  writers  (28  and  50).  The  report  rests  on  the  assumption  bv 
Halsted  that  the  two  above-mentioned  species  are  identical. 

The  identity  of  these  two  species  is  not  considered  sufficiently 
established  (37),  so  they  must  still  be  treated  as  separate.  A  com- 
parison of  our  species  with  the  two  mentioned  may  be  made  as 
follows: 


Table  V. — Comparison  of  characters  of  species  of  CoUetotrichum. 


Characters. 

C.  caulicolnTti . 

0.  lindemuthianum. 

C.  lagenarium. 

C  0  n  i  dio- 

30  to  60  bv  3  ;a 

45  to  .50  /u 

15  to  20bv3  to  5  /a. 

phores. 
Spores 

Setse 

Falcate,  pointed,  18  to  30  bv 
3.5-4  ^i. 

Abundant,  terete,  generally 
blunt  pointed. 

Oblong,  straight  or  slightly 
curved,  rounded  ends,  15 
to  19  by  3.5  to  5.5  m. 

Few  or  absent,  terete,  fusoid 

Ovate  oblong,  often  inequi- 
lateral, rounded  ends,  16 
to  IS  by  5.6  M- 

Few  orabsent,terete,fusoid. 

A  comparison  of  the  above  characters  will  make  it  plain  that  our 
specimens  represent  a  new  specias,  which  has  been  described  in 
Mj'^cologia  (32). 

Specimen  collected:  Uvalde.  1963   (type  specimen). 

Bacterial  blight  {Bncterium  pliaseoli  Erw.  Sm.). — This  disease  is 
common  on  the  foliage  of  both  string  and  Lima  beans,  but  the  symp- 
tomatology is  somewhat  different  in  each.  On  the  leaves  of  string 
beans  it  causes  extended,  brown,  dead  areas  which  appear  near  the 
margin  or  tip  and  advance  into  the  leaf,  or  the  original  foci  may  be 
removed  from  the  margin  and  so  cause  a  conspicuous  spotting  which 
is  generally  accompanied  by  more  or  less  chlorosis.  On  the  Lima 
bean  the  progress  of  the  disease  is  often  marked  in  the  same  way,  but 
frequently  small  circular  or  someAvhat  irregular  reddish  pustules  are 
present.  These  pustules  are  found  filled  with  an  abundance  of  bac- 
teria. This  symptom  has  been  ob.served  by  the  senior  writer,  in 
Nebraska,  and  a  somewhat  similar  condition  is  reported  by  Clin- 
ton (7).  A  bacterial  rot  of  the  pods,  due  to  the  same  organism  which 
affects  the  leaves,  and  affecting  both  green-podded  and  yellow-podded 
varieties,  has  been  observed.  It  appears  first  as  small  watery  or 
pellucid  areas  along  the  sutures,  which  spread  and  give  an  oppor- 
tunity for  the  inroads  of  fungi.  This  bacteriosis  of  the  pods  is  es- 
pecially favored  by  frequent  and  abundant  rains. 

Specimens    collected:   (1)  On    Phaseolus    vulgaris  L. — San    Antonio,    1406 

(leaves  and   pods):   Austin,   1427:    Stockdalo.   2641.  (2)   On   P.   lunatus   L.— 
Austin.  1540 ;  San  Antonio,  1784 ;  Uvalde.  1932. 
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Chlorosis. — In  one  truck  garden  Kentucky  Wonder  beans  were  found 
suffering  from  chlorosis  to  a  marked  extent.  Tlie  planti^  were  de- 
cidedly clilorotic  and  had  made  only  a  stunted  growth.  The  roots 
were  sound,  and  neither  fungous  nor  bacterial  lesions  could  be  found 
on  the  aerial  portions.  A  general  examination  of  the  field  showed, 
liowever,  that  the  hypocotyls  extended  4  to  6  inches  beloAv  the  surface 
of  the  ground.  This  abnormal  length  was  due  to  deep  planting  with 
subsequent  ridging  of  the  roAvs  to  provide  irrigation  furrows  be- 
tween rows.  It  seems  probable  that  this  abnormal  depth  of  the 
roots,  combined  with  excessive  irrigation  was  the  cause  of  this 
trouble. 

Specimen  observed :  Uvalde,  1965. 

Leaf-spot  {Cercospora  canescens  Ell.  and  Martin). — A  leaf-spot 
disease  of  the  Lima  bean  caused  by  the  above  fungus  was  observed  in 
a  single  locality.  The  spots  are  subcircular  or  angular,  1  to  5  mm., 
with  a  gray  center  surrounded  by  a  narrow,  definite,  reddish-brown 
border,  slightly  less  pronounced  upon  the  under  surface.  The  spots 
are  isolated,  either  few  or  abundant,  and  do  not  cause  chlorosis  to 
any  extent.     (PI.  IX,  fig.  3.) 

Conidiophores  are  equally  abundant  on  both  surfaces,  densely  cespi- 
tose  (PI.  II,  fig.  5) J  brown  below,  becoming  hyaline  tipped,  several 
septate,  irregular,  nodose  in  distal  portion,  60  to  105  by  3  to  4.5  fi; 
spores  hyaline,  slender  club  shaped,  straight  or  curved,  one  to  many 
septate,  100  to  210  by  3  to  4.5  fi,  or  sometimes  as  short  as  30  ^u,  and 
rarely  equaling  6  /x  in  diameter.     (PI.  II,  fig.  6.) 

Six  different  species  of  Cercospora  have  been  described  as  affecting 
the  various  species  of  Phaseolus.  The  sizes  of  the  spores  of  these 
species  are  as  follows :  Cercospora  jjMseolina  Speg.,  20  to  45  by  3  to 
3.5  fx\  C.  phaseolorum  Cke.,  40  to  50  by  4  /x;  C.  colmnnaris  Ell.  and 
Ev.j  40  to  60  by  5  /*;  C.  cruenta  Sacc,  60  to  80  by  4  |m;  C.  canescens 
Ell.  and  Martin,  100  to  120  by  5  to  6  /*;  ^.  oUvascem  Sacc.,  130  to  150 
by  4  to  4.5  jn. 

It  may  be  noted  that  our  specimens  show  a  size  of  spore  different 
from  that  recorded  for  C.  canescens  Ell.  and  Martin,  but  an  examina- 
tion of  the  specimens  in  the  herbarium  of  the  New  York  Botanical 
Garden  shows  that  they  should  be  referred  to  this  species. 

Specimen  collected :  Georgetown,  2365. 

Powdery  mildew  {Erysiphe  polygoni  DC). — This  fungus  forms  a 
dense  white  coating  on  the  leaves  causing  them  to  become  yellow  and 
dry.  A  crop  grown  in  September  was  a  total  loss,  and  the  June  crop 
was  seriously  affected  in  the  one  locality  where  it  was  observed. 

Specimen  collected:  San  Antonio,  3149. 
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Root-rot  {Ozonium  omnivorum  Shear). — This  trouble  caused  the 
death  of  a. large  portion  of  a  plat  of  snap  beans  in  a  truck  garden 
in  a  single  locality.  Black-eyed  peas  occupied  an  adjacent  plat,  and 
the  disease  affected  portions  of  both,  beginning  at  the  end  and  ad- 
vancing to  form  a  distinct  semicircular  area,  about  half  of  the  semi- 
circle being  occupied  by  each  species. 

Specimen  collected:  Uvalde,  1944. 

Root-rot  {Rhizoctonia  sp.).— A  few  plants  of  "  frijole  "  beans  in 
an  in*igated  field  were  affected  with  this  disease. 

Specimen  collected :  On  Brack  ranch,  30  miles  west  of  Cotulla.  2185. 

Rust  {Uromyces  a'ppendiculatus  (P.)  Lk.).— This  disease  was  ob- 
served in  an  irrigated  truck  garden,  and  also  in  the  University  garden 
at  Austin.  The  maximum  development  of  the  trouble  was  not 
reached  till  after  most  of  the  crop  had  been  harvested,  so  that  only. 
a  small  amount  of  loss  resulted. 

Specimens  collected:  Uvalde,  1947,  1948;  Austin,  3129. 


BEET. 


Leaf -spot  {Cercosj)ora  heticola  Sacc.).— The  presence  of  the  sub- 
circular,  dry,  pallid  blotches  on  the  leaves  of  the  beet  {Beta  vulgaris 
L.)  was  very  commonly  observed.  The  disease  was  not,  hoAvever, 
sufficiently  alDundant  to  cause  a  great  amount  of  injury. 

Specimens  collected :  Austin,  369,  1322,  1429,  3042 ;  San  Antonio,  1376,  3177 ; 
New  Braunfels,  1716;  Sabinal,  1967;  Georgetown,  2366. 

Root-knot  {Heterodera  radicicola  (Greef)  Mill.).— This  trouble 
was  quite  common,  especially  in  irrigated  gardens  or  low  moist 
ground,  but  was  not  serious. 

Specimens  collected:  Austin,  3137;  San  Antonio,  3148. 


CABBAGE. 


Leaf -spot  {Cercospora  hloxami  B.  and  Br.  (?)).— The  fungus 
which  is  the  cause  of  this  leaf -spot  on  the  cabbage  {Brassica  oleracea 
r-apitata  L.)  produces  pale,  subcircular  areas  1  to  5  mm.  in  diameter 
surrounded  by  a  slightly  raised,  faintly  purple  border.  Conidial  tufts 
amphigenous,  more  conspicuous  in  the  center  of  the  spots.  Conidio- 
phores  densely  tufted,  pale  brown,  sparingly  septate,  60  to  120  by 
4  to  4.5  /x.  Conidia  long-clavate,  ta^^ering,  straight  or  much  cui^red, 
hyaline  or  faintly  smoky,  many  septate,  3  to  5  by  100  to  270  fx.  Our 
specimens  are  somewhat  doubtfully  referred  to  this  species,  since  the 
published  descriptions  include  no  infoiTuation  ronceniing  size  of 
conidiophores   or   spores,    and    the   original    specimens   showed    no 
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spores   (10).     Present  only   on  languid   leaves  and   not   sufficiently 
abundant  to  cause  any  material  injury. 
Specimen  collected:  Georgetown,  2367. 

CARROT. 

Rhizoctonia  root-rot  {Corticiimi  vagum  B.  and  C.  var.  solani 
Burt.). — The  roots  of  the  carrot  {Daucus  carota  L.)  become  covered 
by  white,  ropy  strands  of  the  fungus.  No  serious  rotting  was  ob- 
served to  result. 

Specimen  collected:  San  Antonio. 

CASABA. 

Sooty  mold  {Fumago  vagans  (?)  P.). — The  mycelium  on  casaba 
( CuGUTnis  melo  L. )  forms  a  black  or  brown  sooty  crust  on  the  leaves, 
most  abundant  on  the  upper  surface.  Plant  lice  were  abundant  on 
the  foliage. 

Specimen  collected :  New  Braunfels,  1725. 

CUCUMBER. 

Root-knot  {Heterodera  radicicola  (Greef)  Mill.). — Vines  of  the 
cucumber  (Cucumis  sativus  L.)  which  were  affected  remained  stunted 
and  later  were  killed.  In  one  field  about  one-third  of  the  plants  were 
dead  by  the  time  they  should  have  been  bearing. 

Specimens  collected :  Austin,  3138 ;  San  Antonio,  3146. 

EGGPLANT. 

Fruit-rot  {Gloeosporium  melongenae  Ell.  and  Hals.). — The  fruits 
of  the  eggplant  {Solanum  melongena  L.)  affected  with  fruit-rot  show 
brown,  sunken  areas  over  which  are  scattered  the  black  acervuli. 
With  the  progress  of  the  disease  the  fruits  are  completely  rotted. 

Specimens  collected  :  Austin,.  1906 ;  Uvalde,  1943. 

Fruit-rot  {Collet otrichum  sp.). — On  the  diseased  areas  are  very 
dense  aggregates  of  black  acervuli,  varying  in  diameter  from  100  to 
250  n-  Brown,  taper-pointed,  septate  setae,  100  to  150  by  5  /x  project 
profusel}^  from  all  parts  of  the  acervrdus.  The  conidiophores  are 
slightly  club  shaped,  12  to  15  by  3  to  4  /n,  and  the  spores  are  30  to  36 
by  3  to  4  ju,  clear,  guttulate,  falcate,  frequently  blunt  on  one  end. 
This  has  not  been  definitely  associated  Avith  any  described  species  and 
may  represent  a  new  species.  Gloeosporiiim  melongenae  was  also 
present  on  the  same  fruits,  which  were  completely  destroyed  by  the 
combined  action  of  the  two  fungi. 

Specimens  collected:  Austin,  1915,  2430. 
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Root-rot  {Rhizoctonia  sp.). — The  plants  which  are  affected  remain 
dwarfed  for  a  time  and  then  wilt  and  die.  The  stems  up  to  the 
gTound  level  and  a  little  above  are  sunken  and  have  little  wartlike 
nodules.  The  loss  was  quite  serious  in  an  irrigated  garden  where  it 
was  observed. 

Specimen  collected:  San  Antonio,  1329. 

GLOBE  ARTICHOKE. 

Leaf -spot  {Cercospora  ohscura  Heald  and  "Wolf,  32). — The  pres- 
ence of  this  disease  on  the  globe  artichoke  {Cynara  scolymus  L.) 
is  made  manifest  by  the  circular  gi*ay  spots,  varying  in  diameter 
from  1  to  2  mm.,  which  appear  on  the  upper  surface  of  the  leaf  in 
great  numbers.  Each  spot  has  a  faint  brown  border,  with  the  tufts 
of  conidiophores  on  the  upper  surface.  Since  the  lower  surface  of 
the  leaf  is  covered  by  a  silvery  tomentum  the  spots  appear  as  slightly 
darker  areas. 

The  conidiophores  are  in  groups  of  from  four  to  seven,  epiphyl- 
lous,  nonseptate,  varying  in  length  from  50  to  80  ju,  and  in  width 
from  4  to  5  ju,  brown,  with  a  hyaline  tip.  The  conidia  are  cylin- 
drical in  shape,  40  to  74  by  3  to  4  ju,,  three  to  four  sei>tate,  dilutedly 
colored,  and  straight  or  curved.     (PI.  Ill,  fig.  6.) 

Specimen  collected:  Beeville,  1861  (type  specimen). 

MUSKMELON. 

Anthracnose  {C olletotrichum  lagenarmm  (Pass.)  Ell.  and  Hals). — 
The  appearance  of  large,  dead,  brown  patches  on  the  leaf  of  the  musk- 
melon  {Cucumis  melo  L.)  marks  the  presence  of  this  fungus. 

Specimen  collected :  Beeville,  1827. 

Leaf -blight  {Alteimaria  hrassicae  (B.)  Sacc.  var.  nigrescens 
Pegl.). — Large  brown  spots  are  formed  on  the  foliage,  attaining  1  cm. 
in  diameter.  "VVlien  numerous  the  leaves  turn  brown  and  curl.  It 
was  observed  to  be  sufficiently  abundant  in  one  field  to  cause  a  very 
serious  loss,  and  has  been  reported  to  be  a  very  destructive  blight 
south  of  our  territory. 

Specimens  collected :  Austin,  1425,  3136 ;  Hallettsville,  2904. 

Root-knot  {Ileterodera  radicicola  (Greef)  Miil.). — This  trouble 
was  observed  in  an  irrigated  garden  where  the  plants  remained 
stunted  for  a  time,  and  at  length  succumbed.  The  crop  was  an 
entire  loss.     (PL  IX,  fig.  2.) 

Specimens  collected :  San  Antonio,  1327 ;  Austin,  3135. 
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OKRA. 

Root-knot  {II eterodera  radicicola  (Greef)  MiiL). — This  disease  is 
common  on  okra  {Ahelmoschus  esculentus  Moench.) ,  but  was  observed 
to  be  the  cause  of  serious  loss  only  in  an  irrigated  garden. 

Specimens  collected :  San  Antonio,  1394 ;  Llano,  1770 ;  Stockdale,  2631 ; 
Yoakum,  2768. 

Root-rot    {Ozonium'  omnivorum   Shear). — Observed    in   a    single 
locality  where  the  plants  were  stunted  and  chlorotic. 
Specimens  collected :  New  Braunfels,  1711,  1712. 

Root-rot  {Rhizoctonia  sp.). — This  fungus  caused  the  destruction 
of  the  smaller  roots  and  the  constriction  of  the  stem  at  the  ground 
level. 

Si>ecimen  collected:  San  Antonio,  1330. 

PARSLEY. 

Root-knot  {Heterodera  radicicola  (Greef)  Mill.).— This  trouble 
was  observed  on  parsley  {Pefroselinuni  sativum  Hotfm.)  in  a  single 
locality. 

Specimen  collected:  San  Antonio,  3144. 

Root-rot  {Ozonium,  omnivorum  Shear). — This  diseased  condition 
is  characterized  by  the  same  symptomatology  as  when  this  fungus  is 
present  on  other  herbaceous  hosts. 

Specimen  collected  :  San  Antonio,  3143. 

PARSNIP. 

Rhizoctonia  root-rot  {Corticium  vagum  B.  and  C.  var.  solani 
Burt). — The  white  strands  of  fungous  filaments  surround  the  roots 
of  the  parsnip  {Pastinaca  sativa  L.),  but  do  not  cause  any  material 
loss. 

Specimen  collected:  San  Antonio. 

PEA. 

Powdery  mildew  {Erysiphe  polygoni  DC). — This  fungus  forms  a 
white  coating  on  the  leaves  and  pods  of  the  pea  {Pisum  sativutn  L.), 
causing  them  to  become  brown  and  dry.  It  is  probably  quite  com- 
mon throughout  the  territory. 

Specimen  collected:  Austin,  3130. 

PEPPER. 

Anthracnose  {C olletotrichum  nigrum  Ell.  and  Hals.). — The  fruit 
of  the  pepper  {Capsicum  annuum  L.)  sometimes  shows  large,  brown, 
sunken  areas.  The  black  acervuli  are  either  scattered  over  the  dis- 
eased spot  or  zonately  arranged. 

Specimen  collected  :  Uvalde,  1951. 
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Bacterial  leaf-spot. — The  leaves  have  small,  elevated,  brown  spots 
from  0.5  to  1  mm.  in  diameter.  The  leaf  tissue  between  them  is 
more  or  less  chlorotic.  Each  pustule  is  crowded  full  of  bacteria. 
No  record  has  been  found  of  a  pepper  disease  due  to  these  organisms. 

Specimen  collected :  Uvalde,  1950. 

Fruit-spot. — The  sweet  pepper  is  very  commonly  spoiled  by  the 
formation  of  large,  dry,  brown,  more  or  less  sunken  areas  on  the 
side  exposed  to  the  sun.  An  Alternaria  was  found  to  be  present,  but 
inoculations  into  healthy  fruits  failed  to  reproduce  the  spots.  This 
would  suggest  that  the  trouble  is  physiological  and  that  the  fungus 
associated  with  it  is  merely  a  saprophyte. 

Specimens  collected :  Austin,  1536 ;  San  Antonio,  1783 ;  New  Braunfels,  1683. 

leaf-spot  {Cercospora  capsici  Heald  and  Wolf.  32). — Leaves  in- 
fested with  this  fungus  form  spots  1  to  7  mm.  in  diameter,  mostly 
circular  or  subcircular.  The  spots  are  raised  on  the  upper  surface, 
brown  at  first,  later  becoming  grayish  brown.  They  are  margined 
by  a  very  definite  darker  zone,  outside  of  which  is  a  more  or  less  ex- 
tended halo  of  yellow.  "\Aniere  the  spots  are  abundant,  the  leaves 
become  chlorotic,  then  wilt  and  fall.  The  conidiophores  are  borne 
on  both  surfaces,  brown,  grouped  in  clusters  of  10  to  15,  30  to  60  by 
4.5  to  5.5  [X,  and  are  occasionally  septate.  The  conidia  are  borne 
on  the  tips,  are  dilutely  brown,  75  to  125  by  4  to  5  jn,  clavate,  generally 
straight,  and  several  septate.     (PI.  IV,  fig.  7.) 

Specimen  collected:  Cuero,  2592  (type  specimen). 

POTATO. 

Early  blight  {Alternana  solani  (Ell.  and  Martin)  J.  and  G.). — 
This  was  observed  to  be  abundant  on  the  potato  {Solanum  tuherosum 
L.)  in  several  localities,  producing  large,  irregular,  brown  spots. 

Specimens  collected :  San  Antonio,  1402,  3145 ;  Kerrville,  1601 ;  Austin,  3134. 

Rhizoctonia  disease  {Cortieium  vagum  B.  and  C.  var.  solani  Burt) . — 
The  stems  are  cankered  and  have  the  characteristic  pustules.  The 
tubers  also  are  very  frequently  destroyed,  especially  in  irrigated 
gardens,  during  a  rainy  period.     (PI.  X,  fig.  2.) 

Specimen  collected :  San  Antonio,  3147. 

Scab  {Oospom  scabies  Thax.). — Observed  in  a  single  locality. 
Specimen  collected :  San  Antonio,  1402a. 

RADISH. 

Powdery  mildew  {Erysiphe  polygoni  DC). — The  leaves  of  the 
radish  {Raphanns  sativus  L.)  at  first  are  covered  with  a  powdery 
coating,  becoming  chlorotic  and  at  length  entirely  dry. 

Specimen  collected :  Cotulla,  2931. 
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SPINACH. 

Leaf -spot  {Cercospora  heticola  Sacc). — This  fungus  on  spinach 
{Spinaciar  oleracea  L.)  forms  numerous  subcircular  areas,  1  to  3 
mm.  in  diameter,  with  a  slightly  raised  margin.  The  dark,  amphi- 
genous  conidiophores  cause  the  larger  part  of  the  diseased  area  to  be 
brown.  No  record  has  been  found  of  the  occurrence  of  a  Cercospora 
on  this  host,  but  as  the  symptomatology  and  size  of  conidiophores  and 
spores  are  similar  to  C.  heticola,  and  as  the  hosts  are  closely  related,  it 
is  in  all  probability  the  same  species. 

Specimen  collected  :  Austin,  3039. 

SQUASH. 

Anthracnose  {C olletotrlchum,  (?)  nigrum  Ell.  and  Hals.). — This 
fungus  was  found  on  squash  {Cucurhita  spp.)  in  the  same  field  with 
the  Colletotrichum,  which  was  attacking  sweet  peppers,  and  agrees 
with  it  morphologically.  From  this  it  may  be  inferred  that  it  is 
probably  the  same.  On  the  fruits  are  formed  numerous  dark  acer- 
vuli,  often  concentrically  arranged. 

Specimen  collected:  On  cymllng  {Cucurbita  pepo  L.) — Uvalde,  1941. 

Fruit-rot  {Botrytis  cinerea  P.). — In  one  field  the  young  fruits  were 
seriously  affected  with  this  fungus.  It  apparently  starts  on  the  de- 
caying flower  and  in  a  few  days  the  entire  fruit  is  destroyed  and 
covered  by  a  black,  fungous  growth.     (PI.  X,  fig.  3.) 

Specimen  collected:  On  cymling  {Cucurbita  pepo  L.) — Austin. 

Leaf -spot  {Macrosporiu?n  sp.). — Rounded  dry  areas  surrounded 
by  an  area  of  yellow  are  formed  on  the  leaves.  The  center  may  be- 
come grayish  with  age.  We  were  not  able  definitely  to  associate  the 
fungus  with  any  given  species. 

Specimen  collected  :  On  cushaw  ( Cucurbita  moschata  Duch. )  — Beeville,  1840. 

Leaf -spot  {Cercospora  cucurhitae  Ell.  and  Ev.). — Rounded  brown 
spots  1  to  4  mm.  in  diameter,  becoming  whitish  with  an  elevated 
border,  appear  on  the  foliage.  The  characters  of  the  conidiophores 
and  conidia  agree  with  the  original  description  (17),  except  in  size, 
the  conidiophores  being  sometimes  150  fi  long  and  the  conidia  reach- 
ing 300  /i,  and  being  plainly  multiseptate. 

Specimen  collected:  On  cushaw  {Cucurbita  moschata  Duch.) — Hempstead, 
1498. 

Rhizoctonia  root-rot  {Corticium  vagum  B.  and  C.  var.  solani 
Burt). — A  very  considerable  loss  in  an  irrigated  field  was  due  to  this 
fungus,  the  entire  root  system  being  destroyed. 

Specimen  collected:  On  cymling  (Cucurbita  pepo  L.) — San  Antonio.  3151. 
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Root-knot  {Heterodera  radicicola  (Greef)  Mill.). — This  was  ob- 
served in  only  two  localities,  but  it  is  probably  quite  widely  dis- 
tributed. 

Specimens  collected:  On  cymling  (Cucurbita  pepo  L.) — New  Braunfels,  1685; 
San  Antonio,  3152. 

SWEET  POTATO. 

White-rust  {Albugo  ipomoeae-pandurmiae  (S.)  Swingle). — This 
fungus  on  the  sweet  potato  {Lpomoea  hatatas  (L.)  Poir.)  produces 
clusters  of  white  pustules  on  the  under  surface  of  the  leaves.  In 
young  infections  the  leaves  show  yellow  spots  on  the  upper  surface, 
and  as  the  disease  progresses  the  tissue  becomes  brown  and  dead.  In 
severe  infections  the  leaves  may  show  considerable  chlorosis  in  the 
young  stages  and  in  later  stages  extended  brown  areas  which  have 
been  killed. 

Specimens  collected:  San  Antonio,  1781;  Llano,  1752;  Beeville,  1821;  Elgin, 
2015 ;  Uvalde,  1953 ;  Nursery,  2562 ;  Yoakum,  2765. 

Root-rot. — According  to  the  reports  of  gardeners,  root-rot  is  very 
prevalent  and  destructive  in  certain  localities.  All  field  work  was 
done  previous  to  the  harvesting  of  the  crop,  and  no  specimens  were 
obtained,  hence  it  is  impossible  to  say  which  of  the  various  rot-pro- 
ducing fungi  are  prevalent. 

TOMATO. 

Leaf -spot   {Septoria  lycopersici  Speg.). — This  trouble  on  the  to-- 
mato  {Lycopersicon  esculentum  Mill.)  was  observed  to  be  especially 
serious  in  seed  beds.     The  young  leaves  become  thickly  covered  with 
small  angular  spots  having  a  grayish  center  and  a  darker  colored 
border.    The  disease  was  not  so  serious  on  mature  plants. 

Specimens  collected:  Austin,  370,  1307;  Llano,  1766;  Uvalde,  1952,  1956; 
Nursery,  2556. 

Rhizoctonia  disease  {Corticium  sp.?). — The  symptomatology  is 
very  much  the  same  as  in  diseases  of  other  hosts  caused  by  the  same 
organism. 

Specimens  collected :  San  Antonio,  1380,  3142 ;  Austin,  3139. 

Root-knot  {Heterodera  radicicola  (Greef)  Mill.). — Probably  this  is 
a  very  general  trouble.  In  several  large  fields  about  one-third  of  the 
plants  had  been  killed  and  the  others  were  so  stunted  that  the  crop 
was  a  complete  failure.  This  is  the  most  serious  trouble  on  tomatoes 
in  the  irrigated  truck  gardens.     (PI.  IX,  fig.  1.) 

Specimens  collected:  San  Antonio,  1328.  3141;  Llano,  1769;  Beeville,  1842; 
Elgin,  2011 ;  Uvalde,  1949 ;  Austin.  3132. 

TURNIP. 

Downy  mildew  {Peronospora  parasitica  (P.)  De  By.). — The  oldest 
leaves  of  the  affected  turnip  plants  {Brassica  rapa  L.)  were  dry  and 
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dead,  while  those  higher  up  on  the  phmt  were  chlorotic  either  en- 
tirely or  in  part.     Such  leaves  are  copiously  dow^ny  white  on  the 
lower  surface.    This  disease  was  very  abundant  in  a  truck  garden, 
the  only  place  where  it  was  observed. 
Specimen  collected:  Austin,  3040. 

Powdery  mildew  {Erysiphe  folygoni  DC). — This  fungus  causes 
the  characteristic  white  appearance  of  the  leaves,  which  at  length 
become  yellow  and  dry. 

Specimen  collected:  Cotulla,  2930. 

WATERMELON. 

Blossom-end  blight  and  rot. — A  very  common  and  destructive  disease 
of  the  watermelon  {Citrullus  vulgaris  Schrad.)  is  characterized  by 
the  blighting  and  atrophy  of  the  blossom  end  of  the  fruit  followed  by 
the  rotting  of  the  entire  fruit.  The  blossom  end  turns  brown,  dries 
more  or  less,  and  remains  smaller  than  the  remainder  of  the  fruit. 
(PI.  X,  fig.  1.)  The  trouble  may  begin  very  soon  after  the  blossom 
stage  and  the  affected  fruit  may  never  reach  any  considerable  size, 
or  the  trouble  may  begin  later  and  the  fruit  may  reach  nearly  normal 
size  before  it  is  destroyed.  In  some  cases  observed  it  was  impossible 
to  find  any  fungus  present  in  the  blighted  portion,  but  in  the  majority 
of  cases  the  fruit  was  invaded  by  a  Fusarium  which  transformed  the 
melon  into  a  soft,  rotting  mass. 

The  Fusarium  present  comes  to  the  surface  on  the  side  of  the 
melon  in  contact  with  the  soil,  and  in  specimens  kept  in  a  damp 
atmosphere  conspicuous  pinkish  spore  tufts  are  produced  over  the 
surface.  Only  macroconidia,  18  to  24  by  3  /a,  falcate,  and  two  septate, 
have  been  observed. 

The  definite  etiology  of  this  disease  is  not  known,  and  it  can  only 
be  suggested  that  the  blighting  is  due  first  to  the  excessive  transpi- 
ration at  times  when  root  activity  is  not  sufficient  to  meet  the  loss, 
and  that  the  fungus  gains  an  entrance  into  the  dead  tissue  and  then 
spreads  throughout  the  remainder  of  the  fruit. 

This  is  the  most  serious  trouble  of  the  watermelon  and  is  gener- 
ally prevalent.  The  loss  may  be  from  25  to  75  per  cent  in  many  cases. 
The  very  general  prevalence  of  this  disease  is  such  that  a  more  de- 
tailed investigation  should  be  undertaken. 

Specimens  collected:  New  Braunfels,  1G90;  Austin,  1870;  Beeville,  1817 
(collections  do  not  represent  the  prevalence). 

leaf-spot  {Cercospoi'a  citrullina  Cke.). — The  oldest  leaves  of  the 
plant  are  the  first  to  show  these  circular  spots,  2  to  4  mm.  in  diameter. 
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Each  is  bordered  by  a  dark-brown  or  purplish  zone  beyond  which  is 
an  area  of  faint  3'ellow.    The  mature  spots  have  grayish  centers. 

Specimens  collected:  Hempstead,  1487;  Beeville,  1816;  Luling,  2245;  Victoria, 
2338;  Alice,  2494;  Nursery,  2545;  Stockdale,  2634;  Flatonia,  2733:  Yoakum, 
2764;  Hallettsville,  2903. 

Sooty  mold  ( Capnodium  ( ? ) ) . — The  stems,  petioles,  and  leaves 
become  covered  over  with  a  sooty,  black  coating,  more  abundant  on 
the  older  parts  of  the  plant.  On  the  late  crop  in  some  localities  it 
results  in  the  death  of  the  entire  plant.  Probably  the  injury  is 
mostly  due  to  plant  lice  and  the  fungus  is  merely  secondary.  Dark- 
brown  pycnidia  90  to  120  /x  are  formed  on  the  surface.  The  spores 
are  clear,  elongated,  5  to  6  by  3  /u.,  and  stream  out  in  tortuous,  rope- 
like strands. 

Specimens  collected :  Elgin,  2000 ;  Bastrop.  2048 ;  Cotulla,  2202. 

DISEASES   OF   CEREALS. 
BARLEY. 

Covered  smut  {Ustilago  horclei  (P.)  Kellerm.  and  Swingle). — This 
smut  was  present  in  considerable  quantities  in  barley  {Hordeum  sp.) 
grown  near  San  Antonio  in  1009.^ 

Loose  smut  {Ustilago  niida  (Jens.)  Kellerm.  and  Swingle). — Bar- 
ley is  not  grown  as  a  field  crop  in  the  territory  covered  by  this  sur- 
vey, and  this  material  was  collected  from  a  plat  on  the  University 
campus.  The  brown  spore  masses  occur  on  the  spikelets,  which  fall 
away,  leaving  only  the  naked  rachilla. 

Specimens  collected :  Austin,  3099,  3118. 

Rust  {Pu^dnia  gra?nims  P.  var.  hordei  Freeman  and  Johnson). — 
This  rust  was  prevalent  on  barley  near  San  Antonio  in  1909.^ 

CORN. 

Rust  {Puccmia  sorghl  S.). — This  disease  on  corn  {Zea  mrnjs  L.)  is 
quite  general  in  its  distribution  but  was  not  observed  to  be  sufficiently 
abundant  to  cause  any  serious  loss  except  in  one  field  of  late  com  at 
Flatonia. 

Specimens  collected:  Austin,  1557;  Kerrville,  1584;  Boerne.  1649;  New 
Braunfels,  1679;  San  Antonio,  1782;  Elgin,  1893;  San  Marcos,  2102;  Gonzales, 
2676;  Flatonia,  2719;  Yoakum.  2751. 

Smut  {Ustilago  zeae  (Beckm.)  Ung.). — No  loss  of  any  consequence 
can  be  attributed  to  smut,  as  it  was  rarely  found  in  abundance.  At 
Uvalde  a  field  of  corn  was  observed  which  had  40  to  50  per  cent  of  the 
ears  destroyed,  but  in  all  other  localities  smut  was  rare. 

Specimens  collected:  Austin,  1450;  Kerrville.  1.583;  New  Braunfels.  1709; 
Uvalde,  1962 ;  Hondo,  1997  ;  Cotulla,  2216 ;  Seguin,  2299  ;  Flatonia,  2720. 

1  Notes  from  E.  C.  Johnson,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture. 
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OATS. 

Crown-rust  {Puccinia  coronafa  Cda.). — Rust  on  oats  {Avena  sativa 
L.)  Avas  not  uncommon,  but  most  of  our  field  work  was  completed 
after  harvest  time.     Collected  from  a  single  locality. 

Specimen  collected :  San  Antonio,  1389. 

Stem-rust  [Ruccinia  graminis  P.  var.  avenae  Eriks.  and  Henn.). — 
Also  collected  in  a  single  locality. 
Specimen  collected:  San  Antonio,  1359. 

Smut  {Ustilago  avenae  (P.)  Jens.). — The  loose  smut  of  oats  is  not 
uncommon  in  this  territory.  Extensive  loss  has  been  reported  from 
some  sections.  Fields  were  observed  with  10  to  15  per  cent  of  the 
heads  destroyed.  Inquiry  revealed  the  fact  that  seed  treatment  is  not 
practiced  to  any  great  extent. 

Specimens  collected :  Austin,  1001,  3117 ;  San  Antonio,  1358 ;  San  Marcos,  974. 

RYE. 

Leaf -rust  {Puccinia  ruhigo-vera  (DC.)  Wint.  var.  secalis  Carl.). — 
Rye  {Secale  cereale  L.)  is  not  generally  grown  in  this  region.  Leaf- 
rust  was  abundant  on  plats  at  the  San  Antonio  Experiment  Farm  in 
1908  and  1909.^ 

WHEAT. 

Floret  sterility  (Sfeinphylium  tritici  Patterson). — This  disease  was 
found  abundantly  in  1909  on  the  leaves  and  sterile  spikelets  of  wheat 
{Trificum  aestivum  L.)  near  San  Antonio.  It  is  closely  associated 
with  rusts  in  causing  floret  sterility  of  wheats.^ 

Leaf -rust  {Puccinia  rubigo-vera  (DC.)  Wint.  var.  tntici  Carl.). — 
This  rust  is  abundant  on  wheat  almost  every  year  in  the  locality  of 
San  Antonio  and  was  especially  prevalent  in  1908  and  1909.^ 

Leaf -spot  {Cladosporivjrh  graminuin  Cda.). — This  causes  brown  to 
black  spots  on  the  leaves  of  wheat  and  is  often  found  in  sterile  florets. 
It  was  abundant  in  the  San  Antonio  region  in  1908  and  1909.^ 

Loose  smut  {Ustilago  tritici  (P.)  Jens.). — The  dusty  olive-brown 
spore  masses  appear  on  the  heads  or  spikelets,  destroying  them  en- 
tirely and  leaving  only  the  naked  rachis. 

Specimen  collected:  Austin,  3115. 

Stem-rust  {Puccinia  graminis  P.  var.  tintici  Eriks.  and  Henn.). — 
Wheat  is  not  extensively  grown  in  this  section,  but  the  rust  was 
found  abundantly  present  on  it  wherever  it  was  grown. 

Specimens  collected:  San  Antonio.  1366;  Kerrville.  1602. 

Stinking  smut  {TiUetia  tntici  (Bjerk.)  Wint.).— Found  sparingly 
near  San  Antonio  in  1909.^ 


1  Notes  from  E.  C.  Johnson,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture. 
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DISEASES  OF  FORAGE  CROPS. 
ALFALFA. 

Leaf -spot  {Cercospora  medicaginis  Ell.  and  Ev.). — This  disease  on 
the  leaves  of  alfalfa  {Medicago  sativa  L.)  shows  as  dark-brown,  cir- 
cular or  subcircular  areas,  1  to  5  mm.  in  diameter.  The  spots  on  a 
single  leaflet  may  vary  in  number  from  one  to  nine  and  with  a  pre- 
dominant size  of  2  to  3  mm.  "\Mien  the  spots  are  few  in  number  each 
is  surrounded  by  an  indefinite  zone  of  yellow,  and  when  abundant 
the  entire  intervening  areas  become  yellow.  Many  of  the  affected 
leaflets  fall  from  the  plant,  thus  producing  considerable  defoliation. 

This  disease  was  first  reported  from  College  Station,  Tex.,  in  1891 
(20),  and  has  been  reported  more  recently  from  New  York  (49). 

Specimens  collected :  San  Marcos,  2103 ;  Victoria.  2528 ;  Gonzales,  2700. 

Leaf -spot  {PseudopezizamedlGagims  (Lib.)  Sacc). — Observed  only 
in  a  single  locality,  at  which  place  it  was  very  abundant  in  an  irri- 
gated field. 

Specimen  collected:  San  Marcos,  970. 

Root-rot  {Ozoninm  omnivcyfrnrb  Shear). — This  disease  is  caused  by 
the  same  fungus  which  produces  the  well-known  root-rot  of  cotton. 
It  was  observed  only  in  a  single  field,  where  it  caused  a  loss  of  25 
to  30  per  cent. 

Specimen  collected :   Beeville,  1841. 

Eust  {Uromyces  medicaginis- falcatae  (DC.)  Wint.). — This  disease 
causes  the  formation  of  minute  circular  or  elongated  pustules  of  a 
reddish-brown  color.  The  epidci'mis  is  ruptured  and  the  spore  mass 
is  surrounded  by  the  irregulai  lacerated  remains.  Onh^  uredo  pustules 
have  been  observed  in  our  specimens  and  these  are  more  abundant  on 
the  under  surface  than  upon  the  upper  surface  of  the  leaflets  (27). 
Freeman  does  not  mention  the  occurrence  of  the  pustules  upon  the 
upper  surface  of  the  leaflets.  A  single  leaflet  may  show  20  to  60 
pustules  and  still  retain  its  green  color  in  portions  not  occupied  by  the 
pustules,  while  others  having  a  lesser  number  of  pustules  may  show 
considerable  yellowing.  The  disease  does  not  cause  serious  damage 
since  only  a  slight  degree  of  defoliation  results.  It  is  apparently  the 
least  injurious  of  the  three  leaf  diseases  in  this  territory. 

Specimens  collected:  Collins's  Garden.  San  Antonio,  1390:  Brack  ranch. 
Cotnlla,  2204. 

COWPEA. 

Leaf -spot  {Cercospora  vlgnae  Racib.^. — This  is  probably  the  most 
common  disease  of  the  cowpea  {Vigna  unguicidata  (L.)  Walp.)  in 
this  territory.    It  produces  on  the  foliage  large,  circular,  brown  spots 
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1  to  2  cm.  in  diameter.  The  spots  are  most  commonly  isolated,  but 
they  may  become  confluent  and  irregidar.  With  the  abundant  pro- 
duction of  conidiophores  and  conidia  the  areas  become  dirty  ^ay  in 
color.  It  causes  a  serious  defoliation  of  the  plants.  It  was  originally 
described  from  Java  (41),  and  no  mention  has  been  found  of  its  oc- 
currence in  this  country.     (PI.  I,  fig.  1.) 

Specimeus  collected:  Austin.  1543,  2428;  Beeville,  1S26;  Elgin,  1889,  2006; 
Uvalde,  1946;  Victoria,  2529;  Nursery.  2549;  Cuero,  2604;  Gonzales,  2673; 
Flatonia,  2730 ;  Yoakum,  2767 ;  Floresville,  2854 ;  Hallettsville,  2902. 

Leaf -spot  {Cercospora  cruenta  Sacc). — The  large,  indefinite,  vague 
spots  which  this  fungus  produces  characterize  the  disease.  The  tissue 
on  the  upper  leaf  surface  is  paler  green  or  somewhat  chlorotic,  and 
the  profuse  production  of  conidiophores  and  conidia  on  the  lower 
surface  renders  it  dirty  gray  in  color.  The  spots  are  largely  con- 
fluent, often  involving  the  entire  leaf  and  causing  its  destruction. 
(PI.  I,  fig.  2.) 

Siiecimens  collected:  Beeville,  1860;  Luling,  2259,  2260;  Flatonia,  2729; 
Yoakum,  2752 ;  Austin,  3131. 

Root-rot  {Ozoninm  omnivorum  Shear). — The  symptomatology  of 
this  disease  is  the  same  as  that  of  the  cotton  root-rot. 

Specimens  collected :  Beeville,  1837 ;  Uvalde,  1945. 

Rust  {Uromyces  apyendiculatus  (P.)  Lk.). — This  trouble  was  ob- 
served in  only  one  locality  where  it  was  not  the  cause  of  any  serious 
loss. 

Specimen  collected:  Luling,  2260. 

PEANU?:'. 

■s . 

Leaf-spot  {Cercospora  personata  (B.  and  C.)  Ell.). — This  disease 
on  the  peanut  {Arachis  hypogaea  L.)  is  so  common  on  the  mature 
plants  that  farmers  consider  it  time  to  harvest  when  the  leaves  are 
badly  spotted.  The  spots  are  chestnut  brown,  beginning  as  minute 
specks  and  increasing  to  about  4  mm.,  often,  however,  to  as  large  as 
10  mm.  The  margin  of  the  spot  is  yellowish,  paling  out  into  the 
green  of  the  leaf.  The  conidiophores  are  present  on  both  surfaces, 
being  more  abundant  below.  The  conidia  are  frequently  100  /x  in 
length.  In  the  original  description  (14)  the  fungus  is  said  to  be 
hypophyllous  and  the  conidia  may  reach  a  maximum  of  50  fi.  (PL 
III,  fig.  9.)  . 

Specimens  collected:  Brenham,  1465;  Elgin  2019;  Luling,  2235;  Nursery, 
2566 ;  Stockdale,  2624  ;  Hallettsville,  2905. 
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DISEASES  OF  WILD  AND  CULTIVATED  GRASSES. 
BERMUDA    GRASS. 

Leaf -spot  {Helminthosjyorium  giganteum  Heald  and  Wolf,  32). — 
This  disease  on  Bermuda  grass  {CaprioJa  dactijlon  (L.)  Kuntze) 
is  characterized  by  the  presence  of  numerous  j^ellowish  or  pale  straAv- 
colored  spots,  0.5  to  1  mm.  wide  by  1  to  4  mm.  long,  longitudinally 
elongated,  and  with  a  narrow  brown  border.  The  spots  are  generally 
absent  from  the  leaf  sheath,  and  when  numerous  they  may  become 
confluent  on  the  laminae  and  thus  cause  somewhat  extended  dead 
areas. 

The  conidiophores  are  dark  brown,  many  septate,  9  to  12  by  200  to 
400  IX,  with  a  slighth'  bulbous  base  (PL  VII.  fig.  6)  ;  the  spores  are 
elongated,  cylindrical,  with  slightly  tapering  ends,  five  septate,  pale 
brown,  densely  granular  contents,  15  to  21  bv  300  to  315  /i.  (PI.  VII, 
fig.  7.) 

Specimen  collected:  Falfuriias.  2440  (type  specimen). 

CRAB-GRASS. 

Gray-spot  {Piricularia  grisea  (Cke.)  Sacc). — Circular  or  slightly 
elongated  spots  appear  on  crab-grass  {Syntherisma  sanguinalis  (L.) 
Dulac).  These  spots  are  dirty  yellow  or  grayish  in  color,  1  to  5  mm. 
in  diameter,  with  prominent  purple  borders.  Very  frequently  the 
areas  are  confluent  so  that  the  entire  leaf  tip  becomes  dry. 

Specimen  collected :  Uvalde,  1936. 

Rust  {TJroniyces  sp.). — Observed  in  but  a  single  locality.  Affected 
leaves  showed  an  abundance  of  sori. 

Specimen  collected:  Falfurrlas,  2490. 

FEATHER  GRASS. 

Balansia  blight  {Bdlansia  hypoxylon  (Pk.)  Atk.). — This  fungus 
on  feather  grass  {/Stipa  leiicotricha  Trin.)  destroys  the  entire  spike, 
forming  around  the  vascular  tissue  of  the  spikelets  a  pseudosclero- 
tium  which  is  grayish  or  bluish  black  on  the  outside,  whitish  within, 
and  4  to  15  mm.  in  length.  (PL  XI,  fig.  1.)  The  black  pulvinate 
stromata  project  prominently  from  this  sclerotium.  These  stromata 
contain  the  flask-shaped  perithecia.  This  blight  is  quite  common 
during  the  last  part  of  April  and  the  first  part  of  May.  "When  this 
species  was  made  the  basis  of  a  study  by  Atkinson  (2)  the  host  plant 
of  the  Texas  material  was  undetermined. 

Specimen  collected:  Austin,  3071. 
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Smut  {Ustilago  hypodytes  (Schl.)  Fr.). — The  internodes  of  the 
inflorescence  beginning  at  their  bases  are  enveloped  for  the  greater 
part  of  their  length  by  a  dusty,  dark-brown  spore  mass,  and  the  spike- 
lets  are  destroyed. 

Specimens  collected:  Austin,  2950,  3098. 

GRAMA    GRASS. 

Rust  {Puccinia  janiesiana  (Pk.)  Arth.). — This  rust  on  grama 
grass  {Bouteloua  sp.)  was  observed  in  a  single  locality,  where  it  was 
not  abundant. 

Specimen  collected:  Falfurrias,  2481. 

JOHNSON  GRASS. 

Leaf -blight    {Helmtntliosforium,    tureicum    Pass.). — The    diseased 

areas  on  Johnson  grass    {Andropogon,  halepensis    (L.)    Brot.)    are 

dark  purple,  often   almost  black,  from   5  to  10  mm.   in  diameter, 

and  are  elongated  parallel  to  the  veins.    They  are  frequently  flattened 

on  the  side  of  the  veins  and  show  a  pronounced  zonation.    These  spots 

become  confluent,  resulting  in  the  death  of  the  leaf  tips. 

Specimens  collected :  Bastrop,  2024 ;  Luling,  2232 ;  Elgin,  2010 ;  San  Antonio, 
1409;  Sabinal,  1983;  Austin,  3036.  (The  last  three  are  mixed  infections,  Colle- 
totrichum  being  present.) 

Leaf -blight  {Septoria  pertusa  Heald  and  Wolf,  32). — The  diseased 
areas  are  elongated  parallel  to  the  veins  and  are  1  to  2  cm.  in  length 
without  a  definite  margin.  The  brownish  center  is  surrounded  by  a 
yellow  zone  which  pales  out  into  the  green.  These  areas  become  con- 
fluent so  that  whole  leaves  are  dry  and  yellowish  brown  in  color.  The 
flask-shaped  pycnidia  are  very  abundant  on  both  surfaces  and  protrude 
by  a  short  papilla.  (PI.  VI,  fig.  16.)  The  conidia  are  clear,  straight, 
or  slightly  curved,  slightly  clavate,  60  to  75  by  3  fi,  guttulate,  and  are 
extruded  so  abundantly  as  to  make  a  wdiite  coating.    (PI.  VI,  fig.  17.) 

Specimens  collected;  Luling,  2270;  Flatonia,  2722  (type  specimen). 

Leaf -spot  {Cercospora  sorghi  Ell.  and  Ev.). — No  definitely  limited 

spots  are  produced  by  this  fungus.     The  affected  areas  are  reddish 

purple  with  a  tinge  of  red  along  the  border.    The  production  of  conid- 

iophores  and  conidia  renders  the  center  of  these  areas  somewhat 

brown. 

Specimens  collected :  Flatonia,  2741 ;  Hallettsville,  2800;  Gonzales,  2668.  (Im- 
mature specimens,  Colletotrichum  being  also  present.) 

Leaf -spot  {Colletotrickum  lineola  Cda.  var.  halepense  nov.  var.). — 
This  fungus  on  the  leaf  blades  produces  circular  or  slightly  elongated 
spots  which  have  an  average  length  of  about  2  mm.,  but  may  reach  5 
mm.  or  more  in  length.     The  spots  have  a  bright-red  border  with  a 
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gray  or  dirty-yellow  center,  bearing  a  central  cluster  of  black  acervuli. 
The  acervuli  are  on  both  surfaces  and  few  in  each  spot.  The  spores 
are  falcate,  acute  pointed,  hyaline,  20  to  27  by  4  to  5  /x,  and  frequently 
show  one  to  three  large  gi'anules.  The  conidiophores  are  short,  15  [x. 
long,  and  nonseptate.  The  setse  are  pointed,  with  slightly  bulbous 
base,  1  to  2  septate,  and  reach  75  ix  in  length.  (PL  VI,  fig.  15.)  Our 
specimens  agree  with  C.  Uneola  Cda.  in  size  of  spores  and  setse  and 
with  C.  androfogonis  Zimm.'  in  symptomatology. 

One  field  was  observed  where  the  disease  was  sufficiently  developed 
to  cause  the  death  of  the  grass. 

Specimens  collected:  Round  Rock.  2410  (type  specimen),  2427;  Falfurrias, 
2441,  2727 ;  Yoakum,  2753 ;  Floresville,  2844  ;  Austin,  3036. 

Rust  {Pucciiiia  purpurea  Cke.). — This  rust  occurs  so  abundantly 
on  the  leaves  that  they  are  purple,  the  color  being  caused  by  the 
closely  clustered,  elongated  sori  which  rupture  the  epidermis  on  both 
leaf  surfaces. 

Specimen  collected :  Austin,  121. 

JUNGLE    RICE. 

Gray-spot  {Pirlcularia  grisea  (Cke.)  Sacc). — Circular  or  oval  yel- 
lowish areas  with  purple  margins  appear  on  the  blades  of  jungle  rice 
{Echinochloa  colona  (L.)  Link).  These  spots  are  from  1  to  5  mm. 
in  diameter  and  become  grayish  below.  The  intervening  tissues  are 
killed  and  the  leaf  tips  become  dry.     (See  under  "  Crab-grass.") 

Specimen  collected:  Uvalde,  1938. 

PANICUM. 

Black-blotch  {Phyllachora  graminis  (P.)  Fckl.). — The  leaves  of 
Panicum  {Pnnunim,  spp.)  become  infested  with  black,  shining,  stro- 
matic  blotches.  These  are  small,  mostly  less  than  1  mm.  in  diameter, 
and  often  confluent.  The  affected  leaves  become  brown  between  these 
spots. 

Specimens  collected :  Austin,  859 ;  Elgin.  1895. 

Gray-spot  {Pirieulana  grisea  (Cke.)  Sacc). — Small  elongated  or 
lenticular  spots  are  formed.  They  are  grayish  brown  Avith  a  brown 
[)order,  and  are  most  abundant  toward  the  tip  of  the  leaf.  Chlorosis 
accompanies  this  spotting,  and  large  parts  of  the  leaves  turn  brown. 

Specimen  collected:  On  Panicum  texanum  Buck. — Kennedy,  2834. 

» Dr.  Zimmerman,  to  whom  duplicates  of  our  specimens  were  sent,  reports  tliat  they  are 
identical  witli  C.  andropoffonis  Zimm.     Edgerton,  wlio  is  mailing  a  careful  study  of  the 
Colletotrichums.  is  of  the  opinion  that  C.  Uneola  Cda.,  C.  andropogonis  Zimm.,  C.  cereaie 
ilanns.  and  C.  falcatum  Went,  may  be  identical. 
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REED-GRASS. 

Leaf-spot  {Hendersonia  arundinacea  (Desm.)  Sacc). — This  fungus 
produces  brown,  elongated  spots  on  the  leaves  of  reed-grass  {Phrag- 
mites  vulgaris  (Lam.)  B.  S.  P.).  The  spots  are  1  to  2  cm.  in  length, 
most  commonly  confluent,  causing  the  drying  of  the  leaves.  The 
upper  surfaces  of  the  affected  areas  at  maturity  become  grayish  with 
a  broAvn  margin. 

Specimen  collected :  San  Marcos,  2109. 

SAND  BUR. 

Smut  {Sorosporhnn  syntherismae  (Pk.)  FarL). — This  smut  de- 
stroys the  complete  inflorescence  of  the  sand  bur  ( Cenchrus  sp. ) . 

Specimen  collected :  Skidmore,  2807. 

SILVER  BEARD-GRASS. 

Black-blotch  {Phyllachora  graminis  (P.)  Fckl.). — This  parasite  on 
silver  beard-grass  {Andropogon  argyraeus  Schult.)  produces  on  the 
leaves  black,  shining  blotches.  The  spots  are  small,  oblong,  prom- 
inent, sometimes  confluent,  with  a  rugulose  surface.  The  fructifica- 
tion is  not  mature  until  the  leaves  are  dead  and  decaying. 

Specimens  collected:  Austin,  297,  356. 

Smut  {Tolyposporella  brunki  (Ell.  and  Gall.)  Clint.). — The  leaf 
sheaths  inclose  a  black,  powdery  mass  of  spores,  which  has  taken  the 
place  of  the  inflorescence. 

Specimen  collected :  Austin,  1727. 

SORGHUM. 

Bacterial  blight  {BacUlvs  sorgld  Burr.). — This  trouble  is  very  gen- 
erally present  on  all  the  varieties  of  sorghum  {Andropogon  sorghum 
(L.)  Brot.)  grown  in  this  section,  such  as  milo  maize,  Kafir  corn,  and 
cane.  It  produces  on  the  leaves  elongated  purplish  or  dark-brown 
patches  quite  commonly  confluent,  so  that  large  portions  of  the  leaf 
are  discolored.  Many  of  the  specimens  represent  mixed  infections 
of  Colletotrichum  spots  and  bacterial  blight. 

Specimens  collected:  Boerne,  1653;  New  Braunfels,  1691,  1701;  Sabinal,  1968; 
Hondo,  1993;  Bastrop,  2020;  Lockhart,  2067;  Cotulla,  2161,  2203;  Seguin,  2298; 
Stockdale,  2612;  Flatonia,  2723;  Floresville,  2848. 

Head-smut  {Sphacelotheca  reiliana  (Kuhn.)  Clint.). — The  head- 
smut  is  not  uncommon  on  the  various  varieties  of  sorghum,  but  is  not 
so  generally  abundant  as  the  kernel  smut. 

Specimens  collected:  San  Antonio,  1794;  Uvalde,  1926;  Bastrop,  2051;  San 
Marcos,  2104;  Seguin,  2292;  Victoria,  2350;  Stockdale,  2636;  Gonzales,  2701; 
Hallettsville,  2799. 

226 


54  A  PL.\NT-DISEASE   SURVEY   IN    TEXAS. 

Kernel  smut  {S phacelotheca  sorghi  (Lk.)  Clint.)- — The  smut  was 
present  in  tlie  majority  of  fields  examined. 

Specimens  collected :  New  Braunfels,  1700 ;  Llano,  1750 ;  San  Antonio,  1795 ; 
Uvalde.  1925 ;  Sabinal,  1978 ;  Hondo,  1991 ;  Bastrop,  2052 ;  Luling,  2249 ;  Seguin, 
2294;  Victoria,  2500;  Gonzales,  2702. 

Leaf -blight  {Helminthosporlum  turcicwni  Pass.). — Very  large 
irregular  areas  frequently  appear  on  the  leaves.  They  are  usually 
brown  with  a  narrow  border  of  reddish  purple.  Quite  commonly 
they  have  a  tendency  to  be  formed  on  the  leaf  margin  or  to  advance 
from  the  leaf  tip,  so  that  large  portions  become  involved.  Isolated 
central  spots  may  be  found.  An  Alternaria  was  very  commonly 
associated  with  this  fungus. 

Specimens  collected:  Sabinal,  1971;  Luling,  2237;  Falfurrias,  2493;  Stockdale, 
2638. 

Leaf -spot  {C  olletotvichiim  lineola  Cda.). — This  disease  is  character- 
ized by  the  formation  of  numerous  oval  spots,  1  to  5  mm.  in  length, 
with  pink  center  and  reddish-purple  border,  which  becomes  red  on 
the  outer  border.  The  pink  centers  show  the  black  acervuli  in  groups, 
or  even  a  single  acervulus,  but  in  many  cases  acervuli  may  be  entirely 
absent.  The  spots  may  become  very  abundant  and  confluent  and 
kill  the  leaf  generally  from  the  tip  back.  The  dead  portion  turns 
brown  and  the  affected  spots  show  as  darker  areas.  (PI.  XI,  fig.  2.) 
The  disease  was  very  abundant  and  severe  in  some  localities. 

Acervuli  black,  amphigenous;  setse  75  to  150  by  4.5  to  6  /it,  base 
enlarged,  very  dark  throughout,  many  septate,  pointed  and  generally 
showing  a  marked  constriction  at  some  point  above  the  base;  basidia 
short,  15  to  20  by  3  to  6  /x,  hyaline  (PI.  VI,  fig.  13)  ;  spores  falcate, 
hyaline,  granular  or  guttulate,  and  20  to  30  by  4  to  6  /*  (PI.  VI, 
fig.  14). 

Our  specimens  are  doubtfully  referred  to  C.  lineola.  They  are 
similar  to  many  of  the  specimens  which  American  mycologists  have 
assigned  to  this  species.  It  seems,  however,  that  C.  lineola  Cda.  and 
C.  androjyogoim  Zimm.  have  not  been  clearly  differentiated.  (See 
footnote  under  "  Johnson  grass,"  p.  52.) 

Specimens  collected  :  Skidmore.  2806 ;  Victoria,  2349 ;  Nursery,  25G4  ;  Kerrville, 
1586 ;  Beeville,  1865 ;  Gonzales,  2703 ;  Yoakum,  2754. 

DISEASES   OF   FIBER  PLANTS. 
COTTON. 

Angular  leaf -spot  {Bacterium  malvaceanim  Erw.  Sm.). — The  angu- 
lar leaf- spot  of  cotton  {Gossypium  herhaceum  L.)  was  observed  in  the 
great  majority  of  fields  examined.    Pellucid  spots  were  observed  on 
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the  bolls  in  several  cases  either  in  connection  with  anthracnose  or 

distinct  from  it,  which  are  probably  due  to  the  same  bacterium. 

Specimens  collected:  San  Antonio,  1410;  Boerne,  1637;  Beeville,  1822;  Elgin, 
1883;  Bastrop,  2045;  Loclihart,  20C6;  San  Marcos,  2094;  Sabinal.  1974;  Hondo, 
1994 ;  Luling,  2240 ;  Seguin,  2301 ;  Georgetown,  2386,  2387 ;  Round  Rock,  2414 ; 
Victoria,  2348;  Nursery,  2543;  Cuoro,  2584;  Stoclvdale,  2613;  Gonzales,  2680; 
Flatouia,  2726;  Yoakum,  2759;  Hallettsville,  2797;  Falfurrias,  2436,  2438. 

Anthracnose  {GlomereUa  gossypii  (South.)  Edgerton,  12). — The 
anthracnose  of  the  cotton  bolls  is  not  very  abundant  in  this  territory. 
Bolls  Avere  collected  which  showed  only  one  or  two  small  sunken 
anthracnose  spots,  while  others  were  nearly  completely  covered.  No 
fields  were  observed  where  the  disease  was  sufficiently  abundant  to 
cause  any  material  injury. 

Specimens  collected:  Bastrop,  2050;  Lockhart,  2079;  Luling,  2280;  Seguin, 
2331 ;  Victoria,  2517 ;  Stockdale,  2639 ;  Gonzales,  2708 ;  Yoakum,  2772. 

Leaf -spot  {Gercospora  gossypina  Cke. ;  Sphaerella  gossypina 
Atk.). — Only  the  Gercospora  stage  of  this  fungus  was  observed.  The 
spore  size  ranges  from  70  to  150  by  3  to  4  fx,  which  is  in  excess  of  the 
measurements  recorded  by  Saccardo  (45).  This  disease  is  not  as 
abundant  in  this  territory  as  the  angular  leaf-spot  and  affected  leaves 
are  not  as  seriously  injured. 

Specimens  collected:  Sabinal.  1973;  Luling,  2261;  Victoria,  2344;  Alice,  2495; 
Nursery,  2573 ;  Gonzales,  2661 ;  Flatonia,  2715 ;  Skidmore,  2801 ;  Kennedy,  2840. 

leaf -spot  {Macrosporium  sp.?). — A  leaf-spot  of  cotton  was  ob- 
tained in  a  single  locality  which  differed  from  the  angular  leaf-spot 
or  the  Gercospora  spot.  It  is  characterized  by  the  presence  of  numer- 
ous brown  spots,  3  to  5  mm.  in  diameter,  which  show  more  or  less 
concentric  zonation.  The  tissue  adjacent  to  the  spots  is  frequently 
colored  a  pronounced  purple.  The  fungus  present  is  apparently  a 
Macrosporium,  but  the  spores  are  much  larger  than  those  of  Macro- 
sponuin  nigvicantium  described  by  Atkinson  (1), 

The  spores  of  our  species  are  90  to  150  by  12  to  16  /a,  long-stipitate. 
the  stipe  equaling  the  body  of  the  spore  in  length;  spore  cells 
uniseriate  or  muriform,  constricted  at  cross  partitions,  body  cells  4  to 
7,  pale  brown. 

Specimen  collected:  Nursery,  2542. 

Texas  root-rot  {Ozonium  omnivorum  Shear). — The  common  root- 
rot  of  cotton  is  prevalent  throughout  the  entire  extent  of  this  terri- 
tory. In  some  fields  25  to  75  per  cent  of  the  plants  were  killed.  In 
this  connection  it  may  be  noted  that  the  same  fimgiis  has  been  col- 
lected on  the  following  hosts  in  addition  to  cotton :  Alfalfa,  althaea, 
bean,  black  locust,  cowpea,  fig,  okra,  parsley,  and  umbrella  Ghina  tree. 

Specimens  collected :  Boerne,  1633 ;  Beeville,  1823  ;  Elgin,  1884 ;  Bastrop,  2035 ; 
Lockhart,  2068;  San  Marcos.  2095;  Sabinal,  1966;  Hondo,  1992;  Luling,  2238; 
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Seguiu,  2295;  Georgetown,  2388;  Victoria,  2342;  Cuero.  2583:  Stoclidale,  2646; 
Gonzales,  2683;  Flatonia,  2727;  Yoalium,  2760;  Hallettsville,  2798;  Falfurrias, 
2450.  2466 ;  Alice,  2497 :  Skidmore,  2499. 

Root-rot. — This  is  a  new  disease,  which  is  characterized  b}'  the 
dying  of  the  affected  plants,  the  dead  plants  exhibiting  much  the 
same  general  appearance  as  in  the  case  of  the  well-known  Texas 
root-rot.  The  patches  maj^  be  small  or  they  may  reach  nearlj''  an  acre 
in  extent.  A  few  plants  may  persist  within  the  affected  areas.  At 
the  circumference  of  the  arear  of  dead  plants  may  be  found  living 
plants  which  are  affected  with  the  disease,  but  have  not  yet  suc- 
cumbed. These  diseased  plants  show  frequently  a  slight  chlorosis 
of  the  foliage  and  a  diseased  condition  of  the  root ;  others  that  are 
affected  will  show  about  normal  foliage,  arid  the  only  indication  of 
the  presence  of  the  disea-se  is  the  abnormal  condition  of  the  root. 
Many  of  these  affected  plants  may  wilt  down  and  die  in  the  course  of 
a  few  hours. 

The  roots  of  diseased  plants  show  a  marked  constriction  at  the 
croAvn,  and  the  root  remains  apparently  smaller  from  that  point 
downward.  An  examination  of  the  surface  shows  many  delicate 
brown  hyphse  aggregated  in  strands  or  making  looselj"  interwoven 
masses;  numerous  small  wartlike  pustules  also  appear  on  the  main 
root  as  well  as  on  the  branches.  These  wartlike  nodules  are  sclerotal 
aggregates  of  fungous  tissue  which  are  slightlv  protruding  from  the 
cortex  (PI.  XI,  fig.  3). 

The  mycelium  shows  some  Rhizoctonia  characters,  and  fruits  were 
found  in  the  field  in  two  cases,  which  may  be  connected  with  the 
fungus  present.  The  systematic  position  of  the  fungus  has  not  j'^et 
l)een  determined,  but  cultural  work  is  in  progress  which  should  throw 
light  upon  its  relationship.  The  cultures  up  to  the  present  time 
have  failed  to  produce  spores  upon  any  media,  but  cultural  characters 
show  that  the  fungus  is  not  a  Rhizoctonia. 

Specimens  collected;  Falfurrias,  2433,  2434,  2466. 

Rust  {Aecidium  gossypii  Ell.  and  Ev.). — The  spots  produced  by 
this  fungus  show  on  the  upper  surface  of  the  leaf  as  circular  or 
subcircular  areas,  3  to  5  mm.  in  diameter,  with  reddish-purple  or 
dark-brown  centers,  slightly  depressed  and  surrounded  by  a  narrow 
zone  of  yellow  or  orange.  The  under  surface  of  the  spot  is  slightly 
hypertrophied  and  contains  numerous  cluster  cups,  150  to  260  /a  in 
diameter,  which  have  a  bright  yellow  or  orange  color.  From  one  to 
three  or  four  spots  occurred  on  a  single  leaf.  While  the  fimgus  was 
general  throughout  the  fields  where  it  was  observed,  it  was  not 
abundant,  and  caused  but  little  injury.  This  fungus  was  first  re- 
ported from  California  (22)  and  no  records  of  its  occurrence  in  other 
parts  of  the  United  States  have  been  found. 

Specimens  collected :  Falfurrias,  2435,  2452. 
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Sore-shin  {Cortidum  vagum  B.  and  C.  var.  solani  Burt). — No 
field  notes  are  at  hand  regarding  the  extent  of  the  losses  caused  by 
this  organism  upon  the  young  plants.  It  is  probably  generally 
present  aiid  the  cause  of  a  very  considerable  loss  in  warm,  rainy 
springs. 

Specimen  collected :  Austin,  2895. 

DISEASES   OF   TREES   AND  SHRUBS. 
ALTHiEA. 

Root-rot  {Ozonmni  omnivormn  Shear). — The  fungus  which  causes 
this  trouble  on  althaea  (Hibiscits  sy7'iacus  L.)  is  the  same  as  the  one 
which  produces  the  root-rot  of  cotton.  The  attendant  symptoms  are 
essentially  similar.  The  disease  was  observed  only  in  nurseries,  where 
it  killed  all  the  plants  in  certain  sections  of  the  nursery  rows. 

Specimens  collected :  Austin,  1924 ;  New  Braunfels. 

ASH. 

Leaf -spot  {Cercospora  fraxinites  Ell.  and  Ev.). — The  spots  caused 
by  this  fungus  on  the  leaves  of  ash  {Fraxinits  spp.)  are  subcircular 
or  somewhat  irregular,  dark  gTay  above,  with  many  minute  black 
heaps  of  conidia  and  conidiophores,  and  are  margined  by  a  zone  of 
l)rown  fading  out  into  the  green  tissue  which  may  show  a  certain 
amount  of  chlorosis;  the  affected  areas  are  pale  brown  below  with  a 
slightly  darker,  definite  margin,  and  show  fewer  and  less  conspicuous 
conidial  tufts.  The  spots  are  4  to  10  mm.  in  diameter.  Sometimes 
they  are  confluent,  causing  larger  dead  areas  along  the  margins  of  the 
leaflets  or  removed  from  the  margin.  It  is  stated  in  the  original  de- 
scription of  this  species  (16)  that  the  spots  are  3  to  4  mm.  in  diameter, 
Init  the  agreement  of  spore  measurements  and  other  characters  indi- 
cate that  our  species  is  C.  frascmites  Ell.  and  Ev. 

At  the  time  specimens  were  collected,  September  1,  little  or  no  de- 
foliation had  resulted,  but  nearly  all  leaves  were  affected,  each  leaflet 
showing  1  to  13  spots. 

Specimen  collected:  Victoria,  2340. 

Leaf-spot  {Cylindrosporium  viridis  Ell.  and  Ev.). — On  the  upper 
surface  of  the  leaf  the  numerous  spots  are  dark  purple  in  color,  rang- 
ing in  diameter  from  1  to. 4  mm.  with  a  definite  margin.  The  affected 
areas  are  more  dilute  on  the  under  surface,  often  brownish,  and  con- 
cealed in  part  by  the  abundant  heaps  of  white  or  pinkish  spores. 
The  acervuli  are  immersed,  globular  or  somewhat  flattened,  150  /a 
or  less  in  diameter,  and  become  erumpent  only  on  the  lower  surface. 

According  to  the  original  description  (19)  the  acervuli  are  from 
three  to  six  in  number  on  each  spot  and  open  above.    The  spores 

226 


58  A  PLANT-DISEASE   SURVEY  IN   TEXAS. 

are  cylindrical,  fusoid,  30  to  36  by  3  to  -i  /*.     This  measurement  of 
width  is  in  excess  of  the  original  description  (2.5  fi). 

Where  the  spotting  is  abundant  the  leaves  become  yellow  and  fall. 

Specimen  collected:   Gonzales,  2652. 

Leaf-spot  {Septoria  submacidata  Wint.). — As  a  result  of  the  attacks 
of  this  fungus  definitely  margined  spots  1  to  2  mm.  in  diameter  are 
formed.  In  the  early  stages  they  are  circular  and  purple  with  a 
Avhitish  center ;  later  they  become  brown  and  angular,  3  to  4  mm.  in 
diameter  and  are  limited  by  the  veins  of  the  leaf. 

On  the  upper  surface  are  black  pycnidia,  embedded  in  the  leaf 
tissue.     The  spores  are  20  to  30  by  1  to  2  (i,  hyaline  and  cylindrical. 

Although  the  leaves  were  abundantly  spotted,  no  defoliation  was 
seen. 

Specimen  collected:  Austin,  1546. 

BLACK  HAW\ 

Leaf -spot  {Hendersonia  foliorum  Fckl.  var.  vihurni  Sacc). — This 
fungus  produces  angular  spots,  2  to  5  mm.  in  diameter  upon  the 
leaves  of  the  black  haw  {Vihurnum  jrrunifoJiuTn  L.)  The  pycnidia 
are  sparsely  scattered  over  the  upper  surface  of  the  spots  which  are 
gray  or  dirty  yellow  with  a  darker  border.  The  spots  may  be  few 
in  number  on  each  leaf,  or  as  many  as  15. 

Specimen  collected :  Austin,  331. 

BLACK  LOCUST. 

Leaf -spot  {Cylindrosjjoriuirb  soUtaiiuni  Heald  and  Wolf,  32). — 
This  disease  of  black  locust  {Rohinia  pseudacacla  L.)  is  character- 
ized by  the  presence  of  minute  brown  spots  upon  the  leaflets.  In  the 
early  stages  of  the  disease  the  leaflets  have  their  normal  green  color, 
and  the  spots  show  as  circular  areas,  0.5  to  1  nun.  in  diameter,  which 
have  a  pale-brown  center  and  a  narrow,  darker  brown  border,  sur- 
rounded by  a  faint  zone  of  chlorotic  tissue.  As  the  disease  progresses 
the  entire  leaflet  turns  to  a  bright-yellow  color  Avith  the  exception 
of  narrow  zones  of  pale  green  which  persist  around  the  circumfer- 
ence of  the  brown  spots.  In  this  stage  the  spots  show  an  outer  zone 
of  green,  a  middle  zone  of  dark  brown,  and  a  central  area  of  light- 
brown  or  grayish  tissue.  (PI.  XIII,  fig.  4.)  Affected  leaflets  may 
show  from  1  to  40  spots,  and  these  are  generally  isolated,  although 
they  may  be  somewhat  clustered.  The  leaflets  fall  soon  after  they 
assume  the  yellow  color  and  sometimes  even  before  the  complete 
chlorotic  stage  has  been  reached.  In  many  cases  considerable  de- 
foliation results. 
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Each  spot  shows  one  and  occasionally  two  acervuli,  which  occupy 
the  middle  of  the  light-brown,  central  area.  A  straight  or  curved 
mass  of  spores  may  be  seen  extruded  from  the  acervulus,  which  is  im- 
mersed in  the  tissue  of  the  under  surface.  The  spores  are  45  to  60 
by  3  to  4  ju,  3  to  6  septate,  generally  slightly  curved,  nearly  cylin- 
drical but  sometimes  tapering,  and  hyaline.     (PL  VI,  fig.  4.) 

The  disease  was  observed  during  the  season  of  1908  in  a  much  more 
severe  form  than  in  1909.  In  all  cases  it  was  observed  only  on 
nursery  trees  which  were  badly  crowded. 

Specimens  collected:  Austin,  459,  1909  (type  specimens)  ;  Geoi-getown,  2354. 

Root-rot  {Ozonium  omnivorum  Shear). — This  disease  was  found  in 
a  nursery  where  it  had  destroyed  a  small  group  of  young  trees  (5  or 
6  years  old).  The  disease  had  spread  across  all  of  the  rows  and 
when  observed  was  advancing  along  the  rows.  Roots  removed  from 
the  soil  shovred  the  characteristic  yellowish-brown  filaments. 

Specimen  collected:   Georgetown,  2351, 

BOX. 

Leaf -blight  {Macroph^ma  candollei  (B.  and  Br.)  Berl.  and 
Vogl.). — The  leaves  of  box  {Buxus  semfervirens  L.)  become  entirely 
dry,  with  scattered  black  pycnidia  250  to  300  /a  in  diameter  on  both 
surfaces.  The  conidia  are  36  to  40  by  10  to  11.5  /«,,  hyaline,  and 
densely  granular. 

Si^ecimens  collected :  New  Braunfels,  1666 ;  Georgetown,  2357. 

BOX   ELDER. 

Leaf -spot  {^GloeosporiuTn  negundinis  Ell.  and  Ev.). — As  a  result  of 
the  attack  of  this  fungus  on  box  elder  {Acer  negundo  calif ornicum, 
(T.  and  G.)  Sarg.),  circular  or  subcircular  straw-colored  spots  3  to  5 
mm.  in  diameter  are  formed.  Most  commonly  they  are  so  abundant 
as  to  result  in  the  formation  of  larger  dead  areas,  due  to  the  fusion 
of  spots.    The  yellow  color  is  more  pronounced  on  the  under  surface. 

The  acervuli  are  125  io  200  p.  in  diameter,  brown  or  blackish,  and 
more  abundant  on  the  upper  surface.  The  spores  are  oval,  guttulate, 
and  15  to  20  by  5  to  7  /x.  G.  negtmdinis  Ell.  and  Ev.  on  the  tAvigs  of 
the  box  elder,  as  determined  from  measurements  of  spores  from 
specimens  in  the  mycological  herbarium  of  the  Bureau  of  Plant 
Industry,  shows  a  range  of  spore  size  from  5.9  to  6.6  by  16.5  to  19  fi. 

Specimen  collected:  Lockhart,  2060. 

Leaf  tip-blight  {Septoria  marghiata  Heald  and  Wolf,  32). — The 
tips  and  margins  of  the  leaves  are  killed,  the  dead  areas  being  brick 
red,  light  brow^n  to  straw  colored,  or  nearly  gray  in  some  cases,  and 
confined  to  a  narrow  zone  at  the  leaf  tip  or  margin,  or  extending 
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back  until  nearly  the  whole  leaflet  is  involved.  The  advancing  edge 
of  the  affected  area  is  bordered  by  a  narrow  zone  of  yellow. 

The  pycnidia  are  very  abundant,  brown  or  black,  on  both  surfaces, 
in  surface  view  subcircular  or  somewhat  irregular,  87  to  140  /a,  flask 
shaped,  with  a  slightly  protruding  ostiole.  Spores  clear,  40  to  60  by 
2.5  to  3  fi,  straight  or  slightly  curved,  three  to  several  septate. 

The  spore  measurements  are  identical  in  size  with  Cyliiidrospo- 
riuTYi  negundhiis  Ell.  and  Ev.  (21),  and  the  fungus  was  first  re- 
ferred to  this  species  by  the  writers,  since  the  extrusion  of  the  spores 
from  the  pycnidia  simulated  acervuli  in  external  appearance.  An 
examination  of  type  specimens  shows  that  the  two  species  are  distinct. 

This  disease  results  in  considerable  defoliation,  giving  the  tree  the 
appearance  of  having  suffered  from  drought. 

Specimens  collected:  Beeville,  1859;  Lockhart,  2060;  San  Marcos,  2113 
( type  specimen )  ;  Luliug.  2279 ;  Seguin,  2286 ;  Austin. 

BUCKEYE. 

Leaf-blight  {PhyllosUcta  aesculi  Ell.  and  Martin). — Leaves  of  the 
buckeye  {Aesculus  octandra  Marsh)  affected  by  this  fungus  have 
large  marginal  areas  of  yellowish-brown  or  brown  tissue  with  a  region 
of  yellow  toward  the  advancing  edge  so  that  the  spots  are  not  definite 
margined.  The  pycnidia  are  very  numerous  on  the  low^er  surface 
and  few  on  the  upper  surface.  In  the  original  description  (24)  they 
are  said  to  be  hyj^ophjdlous.  They  are  minute,  measuring  from  40  to 
50  /A,  dark,  and  contain  an  abundance  of  oblong,  hyaline  spores  3.  to  4 
by  1  II. 

Apparently  it  is  the  cause  of  a  complete  defoliation  of  the  trees  in 
the  middle  of  summer.  It  was  collected  in  only  two  localities,  but  it 
was  observed  in  several  other  places. 

Specimens  collected :  Seguin,  2307 ;  Austin,  312S. 

BUMELIA. 

Leaf -spot  {Cercospora  lanuginosa  Heald  and  "Wolf,  82). — This 
disease  on  Bumelia  lanuginosa  Michx.  first  appears  as  indefinite- 
margined  dark-brown  spots  on  the  upper  surface  of  the  leaf.  At 
length  these  areas  become  1  to  3  mm.  in  diameter,  irregular  in  out- 
line, with  a  definite  brown  margin  and  a  grayish  center.  Owing  to 
the  woolly  coating  on  the  lower  leaf  surface,  the  leaf  spots  show 
through  only  faintly  as  brown  spots.  Scattered  over  the  upper  sur- 
face of  the  spot  are  very  dense  clusters  of  conidiophores,  15  fx  in 
length.  The  spores  are  cylindrical  to  slightly  clavate,  pale  smoky, 
45  to  54  by  5  /x,  and  three  to  four  septate.     (PI.  II,  fig.  2.) 

Specimens  collected:  Luling,  2222  (type  specimen)  ;  Flatonia,  2742. 
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Leaf-spot  {PhyJlosticta  humelii folia  Heakl  and  Wolf,  32).— This 
causes  the  formation  of  definite,  pale-brown  spots  on  the  leaves. 
These  spots  vary  in  diameter  from  3  to  (>  mm.  when  circidar  or  siib- 
eircular,  but  often  the  areas  have  fused  so  that  much  larger,  irregu- 
lar spots  are  produced.  The  color  is  less  intense  on  the  lower  sur- 
face. Numerous  black  pycnidia,  ranging  from  125  to  150  ju,,  open 
to  the  upi>er  surface.  The  spores  are  globular,  granular,  with  one  or 
more  guttultc,  9  to  15  ju,  in  diameter.  In  severe  cases  half  of  the  leaf. 
tissue  may  be  involved. 

Specimens  collected:  Austin,  1549  (type  specimens)  :  .3032. 

Sooty  mold  {Fumago  vagans   (?)   P.). — The  interlacing  filaments 
give  the  effect  of  a  black  crust  on  the  entire  upper  surface  of  the  leaf. 
Specimen  collected :  Austin,  253. 

BUTTONBUSH. 

Leaf-spot  {Ramularia  ce-phalanthi  (Ell.  and  Kellerm.)  Heald). — 
This  fungus  on  the  buttonbush  {C ephalantkus  occiclentalis  L.)  pro- 
duces numerous  circular,  brown  spots  0.5  to  2  mm.  in  diameter,  sur- 
rounded by  a  narrow,  slightly  elevated,  darker  brown  border,  which 
is  in  turn  surrounded  by  a  zone  of  bright  red,  1  to  2  mm.  wide,  ir- 
regular margined,  and  fading  out  into  the  green.  The  spots  are  uni- 
formly brown  on  the  under  surface.  Conidia  are  produced  only 
when  the  brown  centers  become  somewhat  gray.  The  spots  may  be 
very  abundant  and  become  confluent,  causing  the  death  of  large 
areas  of  the  leaf,  or  considerable  chlorosis  may  precede  the  browning. 

The  size  of  the  spores  and  the  general  symptomatology  indicate 
that  the  fungus  is  Cercospora  cephalanthi  Ell.  and  Kellerm.  (23), 
but  the  formation  of  the  spores  in  chains  (PI.  V,  fig.  4)  places  it  with 
Ramularia.  Our  specimens  show  spores  which  are  apparently  ma- 
ture, 18  to  30  by  3  /i,  and  hyaline  or  faintly  smoky.  The  change  in 
size  and  color  given  for  mature  specimens  (17)  is  probably  based  on 
the  examination  of  a  true  Cercospora. 

Specimens  collected:  Uvalde,  1930;  Cotulla.  2148. 

Leaf -blight  {Cercospora  pemiciosa  Heald  and  Wolf,  32). — When 
this  disease  is  present  the  entire  foliage  of  the  tree  is  seriously 
affected.  Isolated  spots  are  about  1  cm.  in  diameter,  reddish  brown, 
with  a  darker  border.  Often  the  spots  have  narrow  rings  of  this 
darker  brown  tissue,  rendering  them  zonate. 

Most  commonly  these  spots  are  irregular  in  outline,  as  the  diseased 
areas  have  fused,  causing  a  large  part  of  the  leaf  to  become  dry. 
The  lower  surface  of  the  leaf  is  much  more  dilutely  colored.  On 
the  upper  surface  the  profusion  of  conidiophores  and  conidia  renders 
the  spots  grayish.  The  conidiophores  are  densely  fasciculate,  clear 
or  dilutedly  colored,  40  to  50  by  3  to  •i  /x.    The  spores  are  clavate, 
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giittulate,  45  to  105  by  3  to  4  /x.  and  obscurely  septate.  (PI.  Ill, 
fig.  3.) 

"N^Hiere  the  disease  has  been  observed  the  trees  were  ahnost  entirely 
deprived  of  their  leaves. 

Specimens  collected:  Victoria,  li539  (type  si)ecimens)  ;  Austiu,  2869. 

CAPE    JASMINE. 

Sooty  mold  {Fumago  vagans  (?)  P.).— The  upper  surface  of  the 
leaves  of  the  Cape  jasmine  {^Gardenia  jasmhioides  Ellis)  is  entirely 
covered  by  a  black,  filmy  crust.    Plant  lice  were  also  present. 

Specimen  collected:  Austin,  216. 

CATALPA. 

Leaf -blight. — Xursery  trees  and  older  trees  of  catalpa  {Catalpa  sp.) 
are  frequently  sufferers  from  a  severe  leaf-blight  in  which  a  species 
of  Cercospora  probably  plays  a  secondary  part.  In  some  cases  irreg- 
ular, dead,  broAvn  areas  occur  along  the  margin  and  extend  downward 
between  the  prominent  radiating  veins;  or  isolated  brown  spots, 
small  or  of  considerable  size,  may  occupy  a  similar  position.  In  some 
spots  the  Cercospora  may  be  mingled  with  an  Alternaria,  or  Cer- 
cospora may  be  the  only  fungus  present,  and  in  one  case  Alternaria 
with  little  or  no  Cercospora  w^as  observed.  In  the  specimens  Avhich 
showed  the  most  severe  development  of  the  disease,  with  large  dead 
areas  involving  in  some  cases  nearly  half  of  a  leaf,  much  concentric 
zonation  was  characteristic;  scattered  over  the  brown,  dead  areas 
were  numerous  subcircular  gray  or  white  spots,  1  to  2  mm.  in  diam- 
eter, which  produced  central  conidiophore  tufts  on  both  surfaces. 

Conidiophores  densely  clustered,  brown,  becoming  lighter  toward 
the  apex,  few  septate,  irregular  nodose  tips,  60  to  75  by  3  to  4  /i,  w^ith 
occasional  individuals  of  double  the  average  length.  Spores  slender 
clavate,  straight  or  only  slightly  curved,  hyaline,  few  to  many  septate, 
and  42  to  130  by  3  to  4.5  /x. 

The  Cercospora  on  our  specimens  differs  from  Cercospora  catalpae 
Wint.,  especially  in  having  much  longer  and  more  slender  spores,  and 
also  by  producing  amphigenous  conidial  tufts,  but  they  should  prob- 
ably be  referred  to  this  species. 

In  the  territory  covered  by  this  report  the  species  of  catalpa  make 
a  poor  and  frequently  crippleu  growth  and  the  foliage  shows  the 
effect  of  excessive  transpiration  in  the  early  part  of  the  season.  The 
position  and  characteristics  of  the  dead  areas  indicate  that  the  trouble 
is  largely  physiological  and  that  the  fungi  present  find  an  easy 
growth  in  the  dead  or  languid  tissues. 

Specimens  collected:  New  Brauufels,  1674,  1681;  Luling,  2239;  Falfurrias, 
2464. 
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cat's-claw. 

Rust  {Ravcnelia  versatilv^  (Pk-)  Diet). — The  affected  leaflets  of 
cat's-claw  {Acacia  greggii  A.  Gray)  have  minute  (scarcely  large 
enough  to  be  noticeable)  brown  pustules  surrounded  by  chlorotic 
tissue.     The  leaflets  become  yellow  and  drop  off. 

Specimen  collected :  Uvalde,  1957. 

CEDAR. 

Cedar  rust  {Gymiiosporangium  exiguurn  Kern). — This  is  a  new 
species  of  Gymnosporangium  which  has  recently  been  described 
from  Texas  (35).  Previous  to  the  formation  of  telia  on  the  cedar 
{Jtmiperiis  sahlnoules  Nees)  the  presence  of  the  infected  twigs  can 
be  detected  only  by  the  brown  or  yellow  cast  of  the  scale  leaves. 
The  minute  chestnut-brown  telia  are  formed  in  the  month  of  March 
or  early  in  April,  and  protrude  from  between  the  scale  leaves.  (PI. 
XVIII,  fig.  2.)  The  affected  twigs  are  killed  and  are  later  cast 
from  the  tree.  The  fungus  is  frequently  present  in  sufficient  quan- 
tity to  give  the  tree  a  marked  scorched  appearance  after  the  telia 
have  matured  and  disappeared. 

Specimens  collected:  Austin,  754,  855. 

Cedar-apples  {Gymnosporangium  (?)  glohosum  Farl.). — This  spe- 
cies of  Gymnosporangium  produces  brown  galls  varying  in  size 
from  minute  globular  enlargements  to  somewhat  nodose  structures 
an  inch  or.  more  in  diameter.  The  gall  is  similar  to  that  produced 
by  G.  juniperi-virginianae,  but  shows  marked  depressions  between 
the  telial  areolae.  The  telia  are  flattened  rather  than  terete,  and 
show  pointed  truncate  or  notched  apices. 

Our  specimens  were  sent  to  Mr.  F.  D.  Kern,  Purdue  University, 
Lafayette,  Ind.,  who  referred  them  to  G.  glohosum,  Farl.  The  speci- 
mens show  no  indication  of  a  perennial  character,  and  in  this  re- 
spect appear  to  be  quite  similar  to  G.  juniperi-virginianae,  but  the 
spores  are  similar  to  those  of  G.  glohosum. 

Specimens  collected :  Austin,  497,  666,  758,  854. 

Whitening  of  the  cedar  {Cyanospora  alhicedrae  Heald  and  Wolf). — 
The  mountain  cedar  is  frequently  attacked  by  a  fungus  (31)  which 
produces  extended  white  patches  upon  the  bark  of  trunk  or  branches 
and  upon  the  surface  of  branches  or  twigs  which  have  apparently 
been  corroded  by  the  action  of  the  fungus.  The  white  areas  may 
completelj^  encircle  the  branches,  or  they  may  be  confined  to  one  side. 
Darker  oval  nodules,  1  to  2  mm.  long  by  about  1  mm.  wide,  con- 
taining the  perithecia,  are  scattered  over  the  whitened  areas.  Each 
nodule  contains  one  or  more  perithecia,  which  open  to  the  surface  by 
excentricall}^  located  ostioles.    On  the  bark  these  nodules  are  flat- 
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tened,  while  on  the  twigs  from  which  the  cortex  has  been  corroded 
they  stand  out  more  prominently,  owing  to  the  fact  that  the  sur- 
rounding wood  tissue  has  been  more  corroded  than  the  wood  tissue 
which  constitutes  the  stromatic  nodule.  The  stromatic  nodules  on 
the  decorticated  twigs  are  also  more  nearly  black,  while  those  on  the 
bark  are  dark  gray. 

This  fungus  is  so  constantly  present  on  the  mountain  cedar  that  the 
occurrence  of  white  patches  on  the  bark  has  been  given  as  one  of 
the  characteristics  of  this  species  of  cedar  (3).  The  fungus  which 
causes  this  trouble  has  been  under  investigation  by  the  writers  for 
some  time,  and  it  seems  probable  that  it  represents  a  new  and  unde- 
scribed  species  and  genus.  A  more  detailed  consideration  has  been 
published  in  Mycologia. 

A  study  of  the  affected  cedars  under  field  conditions  indicate  that 
the  fimgus  is  a  true  parasite.  Affected  trees  frequently  show  a  large 
quantity  of  dead  decorticated  twigs  and  branches. 

Specimens  collected:  Austin,  306,  1434,  2865.  Coextensive  witli  the  distri- 
bution of  the  mountain  cedar. 

COTTOMWOOD. 

Leaf -spot  {Septoria  musiva  Pk.).— Numerous  small,  angular  areas 
are  formed  on  the  leaves  of  the  cotton  wood  {Populus  deltoides 
Marsh),  which  are  brown,  but  may  become  grayish.  The  pycnidia, 
containing  hyaline,  curved  spores  30  to  35  /*  long,  appear  on  the  upper 
surface. 

Specimens  collected :  Lockhart,  2076 ;  San  Marcos,  2117. 

Leaf -spot  {Septoria  populicola  Pk.).— This  species  differs  mainly 
from  the  above  in  the  fact  that  the  pycnidia  open  on  the  lower  sur- 
face and  the  spores  are  60  to  75  by  3  to  4  fi.  The  amount  of  defolia- 
tion is  only  slight. 

Specimens  collected :  Austin,  413,  1426.  1432,  2910 ;  Victoria.  2339 ;  Gonzales, 
2656. 

Rust  {Melampsora  7nedusae  Thm.).— Observed  only  in  a  single 
locality,  where  it  was  causing  no  serious  damage. 

Specimens  collected:  Austin,  162,  414. 

CRAPE  MYRTLE. 

Leaf-spot  {Cercospora  lythraeearum  Heald  and  Wolf,  32). — Circu- 
lar to  subcircular  indefinite-margined  areas  appear  on  the  foliage  of 
the  crape  myrtle  (Lagerstroeinia  indiea  L.).  These  spots,  varying  in 
size  from  2  to  8  mm.,  are  uniformly  yellowish  brown  below  and  dark 
brown  above  with  a  zone  of  limiting  yellow  tissue  paling  out  into  the 
green  tissue. 
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The  conidiopliores  are  densely  clustered,  15  to  20  by  3  /x,  continu- 
ous, diluted  brown  in  color,  and  are  present  on  both  surfaces,  mostly 
opiphyllous,  however.  The  spores  are  30  to  42  by  3  /x,  4  to  5  septate, 
c'lavate  or  subcylindrical,  and  dilutedly  colored.  (PI.  I,  fig.  G.  See 
also  "  Pomegranate  ". ) 

Specimen  collected:  Austin,  466  (type  specimen). 

Leaf  tip-blight. — This  trouble  begins  as  a  drying  of  the  leaf  tips, 
which  become  brownish  in  the  dead  portions.  An  extended  zone  of 
chlorotic  tissue  gradually  fading  into  the  green  marks  the  advancing 
edge.  The  entire  leaf  may  become  dry  and  fall,  exhibiting  all  the 
appearances  of  a  physiological  trouble.  Three  fungi  {Phyllosticta 
lagerstroemia  Ell.  and  Ev.,  Pestalozzia  guepini  Desm.,  and  Cerco- 
spora  lythracearum  Heald  and  Wolf)  were  present. 

Specimens  collected :  Beeville,  1857  ;  Flatonia,  2748 ;  Luling,  2254. 

DOGWOOD, 

Leaf -spot  {Cercospora  cornicola  Tracy  and  Earle). — Very  abun- 
dant, indefinite-margined,  irregular,  brown  spots  are  formed  on  the 
foliage  of  the  dogwood  (Corny s  sp.).  The  margin  is  quite  com- 
monly purplish.     The  entire  foliage  becomes  seriously  affected. 

Specimens  collected :  Austin,  351 ;  San  Antonio,  1778 ;  San  Marcos,  2107 ; 
Seguin,  2304 ;  Victoria,  2534 ;  Gonzales,  2706 ;  Flatonia,  2749 ;  Hallettsvllle,  2788, 
2795. 

ELDERBERRY. 

Leaf -spot  (Cercospora  catenospora  Atk.). — The  spots  on  the  leaves 
of  elderberry  (Samhucus  canadensis  L.)  caused  by  this  fungus  are 
yellow  at  first,  becoming  gray  with  age.  They  are  rounded  or 
elongated  in  the  direction  of  venation  and  3  to  6  mm.  in  greatest 
length.  They  are  often  so  numerous  as  to  be  confluent,  resulting  in 
the  chlorosis  and  subsequent  fall  of  the  foliage. 

Specimen  collected :  San  Marcos,  2114. 

ELM. 

Blight. — The  small-leaved  elms  (Ulmus  spp.)  frequently  show  a 
blight  or  scald  of  the  foliage  which  is  characterized  by  the  death 
of  the  leaf  tips.  The  dead,  brown  area  advances  downward  until 
the  whole  leaf  may  be  involved.  The  brown  area  is  generally  bor- 
dered b}''  a  zone  of  chlorotic  tissue.  In  some  cases  the  dead  areas 
are  not  terminal  or  marginal,  but  show  as  definite  spots.  This  is 
true  for  our  specimens  of  TJlmus  crassifolia.  In  some  cases  an 
Alternaria  is  present,  but  it  is  not  sufficiently  constant  to  be  defi- 
nitely connected  with  the  disease. 

Specimens  collected:   (1)   On  TJlmus  alata  Michx. — Gonzales,  2699;  Kennedy, 
2823.     (2)  On  Z7.  crassifolia  Nutt.— New  Braunfels,  1719. 
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Leaf -scab  {Gnomonia  ulmea  (Sacc.)  Thm.).— Elm  leaves  affected 
with  this  fungus  show  minute  spots  scattered  over  the  surface. 
These  spots,  which  are  1  to  3  mm.  in  diameter,  show  on  the  upper 
surface  a  central  cluster  of  small  black  pustules  surrounded  by  a 
border  of  dead  tissue,  white  or  gray  in  color;  or  the  black  pus- 
tules may  be  somewhat  concentrically  arranged.  In  the  early  stages 
of  development  the  spot  will  not  be  noticeable  on  the  under  surface, 
but  in  the  later  development  the  under  surface  shows  a  definite 
brown  area  of  dead  tissue  opposed  to  the  white  zone  of  the  upper 
surface.  In  this  stage  the  epidermis  of  the  under  surface  is  ele- 
vated in  numerous  pustules  and  ruptured  to  some  extent  by  the 
protruding  beaks  of  the  perithecia.  The  late  fall  collections  show 
only  immature  perithecia.  The  white  zone  bordering  the  perithecial 
pustules  is  caused  by  the  accumulation  of  large  quantities  of  crystals 
in  the  epidermal  cells  (PI.  XIII,  fig.  1). 

In  many  of  the  collections,  especially  upon  the  late  collections  of 
Ulmus  alata^  a  Coniothyrium  is  present.  The  pycnidia  of  this  fun- 
gus may  be  present  on  either  surface  of  the  spots  and  produce  an 
abundance  of  oval,  brown  spores  3.5  to  4  by  6  jx.  It  is  possible  that 
this  represents  a  pycnidial  stage  of  the  Gnomonia,  but  proof  of  a 
definite  connection  must  be  obtained  by  cultures.  It  may  be  noted  in 
this  connection  that  a  Phoma-like  pycnidium  has  been  observed  in 
connection  with  Phomatospora  (25),  a  genus  belonging  to  the 
Gnomonia  ceae. 

Some  specimens  of  TJlmvs  alata  show  a  third  type  of  fruit.  These 
fruits  show  as  minute  enmipent  papillae  scattered  abundantly  over 
the  under  surface,  while  the  upper  surface  shows  a  marked  yellow 
punctate  appearance.  The  spores  produced  are  two  to  three  septate, 
21  to  39  by  4  /t,  and  hyaline.  These  spores  may  be  the  only  form 
present  on  the  leaves  at  a  given  time,  or  they  may  be  found  in  con- 
nection with  the  perithecial  stage  of  Gnomonia.  These  spores  and 
pycnidia  sho\v  a  marked  similarity  to  PMeospora  idml  (Fr.)  "Wallr. 
(36),  and  it  seems  probable  that  they  represent  a  stage  in  the  life 
history  of  our  Gnomonia,  since  Klebahn  (36)  has  proved  a  similar 
connection  between  Phleospora  ulmi  (Fr.)  Wallr.  and  il/ycos/^AflereZ/a 
ulmi^  another  genus  of  the  Sphseriales. 

Specimens  collected:  (1)  Ulmus  alata  Micbx. — Austin,  255,  256,  338;  Llano, 
1749.  (2)  Ulmus  crassifolia  Nutt. — New  Braunfels,  1675  ;  Uvalde,  1928;  Seguin, 
2312;  Elgin,  1874.     (3)  Ulmus  americana  L. — Round  Rock,  2419. 

Leaf-spot  {Cylindrospoiium  tenuisporum  Heald  and  Wolf,  32). — 
The  small-leaved  elm  is  affected  by  a  leaf-spot  which  shows  as  brown 
circular  or  slightly  irregular  areas,  2  to  10  mm.  in  diameter,  generally 
with  a  gray  center  and  a  narrow  yellow  border.  The  under  surfaces 
of  the  spots  are  more  uniformly  brown  and  show  minute  black  specks, 
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the  acervuli  of  the  fungus.  In  a  few  cases  the  acervuli  may  be  found 
on  the  upper  surface. 

The  spores  are  very  narrow,  cylindrical,  hyaline,  continuous, 
straight  or  slightly  curved,  15  to  24  by  0.75  to  1  /m. 

Specimen  collected:  On  Ulmus  crassifoUa  Nutt.— Austin,  307  (type  specimen). 

Mistletoe  {Pkoradendron  flavescens  (Pursh.)  Nutt.). — The  small- 
leaved  elm  {Ulmus  crassifoUa)  is  one  of  the  many  trees  attacked  by 
mistletoe. 

Specimen  collected :  On  Ulmus  crassifoUa  Nutt. — Llano,  1737. 

Powdery  mildew  {Unc inula  sp.). — Powdery  mildew^  was  collected 
in  a  single  locality  on  the  cork-winged  elm  (Ulmus  alata).  It  was 
found  only  in  the  conidial  stage  and  was  not  abundant.  Since  two 
species  of  Uncinula  have  been  described  for  this  host,  a  definite  spe- 
cific determination  can  not  be  made. 

Specimen  collected:  On  Ulmus  alata  Miclix. — Llano,  1753. 

ENGLISH  IVY. 

Anthracnose  [C olletotrichunh  gloeosporioides  Penz.  var.  hederae 
Pass.). — Irregular,  brown,  raised,  definite-margined  areas  are  formed 
on  the  leaves  of  the  English  ivy  {Hedera  helix  L.).  Often  they  are 
confined  to  the  tips  of  the  lobes,  but  at  times  they  are  central.  The 
acervuli  are  formed  abundantly  over  the  entire  diseased  areas. 

Specimens  collected :  San  Antonio,  1408 ;  Gonzales,  2685 ;  Flatonia,  2747. 

Leaf -blight  {Phyllosticta  concentrica  Sacc). — This  disease  begins 
on  the  leaf  tips  or  centrally  and  results  in  the  formation  of  dark- 
brown,  dead  areas  which  may  extend  until  the  whole  leaf  is  involved. 
Some  spots  have  a  blackish  tinge,  due  to  the  numerous  pycnidia, 
which  in  some  cases  are  arranged  so  as  to  show  concentric  zonation. 
The  spores  are  ovoid,  10  by  7  /i,  hyaline,  guttulate,  and  embedded  in  a 
mucilaginous  matrix.  This  blight  in  one  locality  was  observed  to 
have  destroyed  about  half  the  foliage;  so  it  is  the  cause  of  serious 
harm. 

Specimens  collected:. Austin,  1313;  New  Braunfels,  1667;  Stockdale,  2637. 

Leaf-spot  {Ramulana  hedericola  Heald  and  AYolf,  32). — Large 
irregular  spots,  grayish  brown  above  and  brown  below,  appear  on  the 
leaves.  The  margin  of  the  diseased  area  is  elevated,  with  the  fungus 
fruits  on  the  upper  leaf  surface.  Conidiophores  60  to  120  by  4  /x, 
septate.     Conidia  clear,  9  to  15  by  2.5  ju.     (PI.  V,  fig.  5.) 

Specimen  collected:  San  Marcos,  2130  (type  specimen). 
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EUONYMUS. 

Anthracnose  {Colletotrichum  griseum  Heald  and  Wolf,  32). — This 
is  one  of  the  most  common  diseases  of  Euonyrrms  japonlcu^  Thunb. 
for  this  region.  It  forms  on  the  leaves  indefinite-margined,  yellow 
blotches  1  to  4  mm.  in  diameter.  These  increase  in  size  until  the 
diseased  areas  are  sometimes  8  to  10  mm.  across;  a  definite,  brown, 
elevated  border  is  formed,  and  the  center  of  the  spot  becomes  gray. 
Scattered  over  this  gray  area  are  numerous  black  acervuli,  either 
zonate  or  more  or  less  scattered,  usually  concentrically  arranged. 
Often  the  spots  are  marginal,  or  the  disease  may  apparently  work 
back  from  the  tip  of  the  leaf.     (PI.  XII,  fig.  2.) 

The  twigs  and  larger  branches  are  also  affected,  resulting  in  the 
formation  of  gray  cankers  1  to  8  mm.  in  diameter. 

These  gray  patches  drop  away,  leaving  the  brown,  cankered  area 
exposed.  The  acervuli  are  immersed,  varying  in  shape  from  globular 
to  quite  flat,  250  to  300  n  in  diameter,  the  margin  of  the  opening  be- 
ing set  with  numerous  brown  setse,  40  to  60  by  5  /x,  quite  uniform  in 
diameter  or  sometimes  taper  pointed.  (PI.  VI,  figs.  1,  2.)  The 
spores  are  straight  or  only  slightly  curved,  hyaline,  densely  granular, 
or  with  several  guttulse,  14  to  17  by  4  jn,  and  rarely  marked  by  a  single 
transverse  septum  which  does  not  divide  the  cell  into  equal  halves. 
(PI.  VI,  fig.  1.) 

Specimens  collected:  Austin,  1280  (type  specimen)  ;  San  Antonio,  1404;  Lock- 
hart,  2110 ;  Georgetown,  2353,  2376. 

Leaf -spot  (Exosporium  concentricum  Heald  and  Wolf,  32). — This 
fungus  produces  on  the  leaves  circular  areas  0.5  to  2  cm.  in  diam- 
eter which  may  show  concentric  zonation.  This  zonation  is  due  to 
concentric  regions  of  brown  and  grayish  yellow.  The  acervuli  are 
confined  to  the  grayish-yellow  regions.  In  other  cases  the  spots  may 
be  uniforml}^  grayish  yellow  with  a  narrow  brown  border.  Usually 
only  one  spot  is  present  on  each  leaf,  but  occasionally  there  are 
several,  which  fuse.  (PL  XII,  fig.  1.)  The  affected  leaves  may 
show  considerable  yellowing  beyond  the  diseased  areas,  and  in  severe 
cases  much  defoliation  follows. 

The  acervuli,  100  to  150  /x  in  diameter,  are  dark  and  either  con- 
centrically arranged  or  scattered.  They  are  at  first  covered  and  at 
length  protrude,  causing  that  portion  of  the  leaf  to  become  grayish 
because  the  rupture  of  the  epidermis  has  admitted  the  air.  The 
spores  are  nearly  hyaline,  clavate  cylindrical,  25  to  45  by  2.5  to  3  /i, 
one  to  several  septate.     (PI.  VII,  fig.  5.) 

Specimens  collected:  San  Marcos,  2129;  Georgetown,  2375;  Austin,  2867  (type 
specimen). 
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HACIvJBERRY. 

Leaf -spot  {Cylindrosporium  defoUatum  Heald  and  Wolf,  32). — The 
coninion  hackberry  of  this  region  {Celtis  laevigata  Willd.)  is 
quite  generally  affected  with  a  serious  leaf  blight  which  first  produces 
irregular  gray  blotches  1  to  2  cm.  in  diameter.  These  blotches  some- 
times coalesce  and  involve  a  large  part  of  the.  leaf.  (PI.  XIV,  fig.  1.) 
In  early  stages  of  the  disease  the  adjacent  leaf  tissue  may  remain 
green,  but  later  a  considerable  amount  of  yellowing  is  produced,  and 
the  affected  leaves  fall  from  the  tree. 

The  acervuli  are  amphigenous,  but  more  abundant  upon  the  upper 
surface,  GO  to  75  /x,  immersed.  (PI.  VI,  fig.  10.)  The  spores  accu- 
mulate on  the  surface  of  the  leaf,  where  they  are  visible  as  minute 
white  tufts.  The  spores  are  hyaline,  cylindrical,  straight,  or  curved, 
30  to  42  by  3  to  3.5  /i,  and  three  to  five  septate.  (PI.  VI,  fig.  9.)  This 
species  is  clearly  distinct  from  Cylindrosporium  celtidis  Earle,  which 
has  been  described  as  forming  small  spots  on  C.  laevigata  in  Ala- 
bama (11). 

Specimens  collected:  (1)  On  Celtis  laevigata  Willd. — New  Braunfels,  1673; 
Austin,  1728,  1905  (type  specimen);  Elgin,  1890;  Bastrop.  2049;  Lockhart, 
2073 ;  San  Marcos,  2099  ;  Cotulla,  2180 ;  Luling,  2256 ;  Seguin,  2317  ;  Georgetown, 
2377;  Victoria,  2509;  Cuero,  2578;  Stockdale,  2615;  Gonzales,  2689;  Flatonia, 
2709;  Yoakum,  2771.  (2)  On  Celtis  reticulata  Torr,— Beeville,  1855;  Sabinal, 
1975. 

Leaf -spot  {Ramularia  celtidis  Ell.  and  Kellerm.). — Very  numerous 
small  white  spots  form  on  the  leaves.  They  are  circular  in  outline 
and  about  2  mm.  in  diameter.  The  margin  is  brown  or  yellow  and 
slightly  raised. 

Specimens  collected:  (1)  On  Celtis  reticulata  Torr. — Austin,  464;  Beeville, 
1814;  Luling,  2205;  Gonzales,  2690;  Kennedy,  2835.  (2)  On  C.  laevigata 
Willd.— Austin,  1539 ;  Lockhart,  2062 ;  Georgetown,  2355  ;  Hallettsville,  2779. 

Mistletoe  {Phoradendron  favescens  (Pursh.)  Nutt.). — This  para- 
sitic plant  is  present  on  the  hackberry  throughout  the  territory  cov- 
ered by  this  survey.  It  is  often  so  abundant  that  the  winter  aspect 
makes  the  tree  appear  in  full  foliage. 

Powdery  mildew  {Uncinula  polychaeta  B.  and  C). — The  mycelium 
forms  a  white,  felty  coating  on  both  leaf  surfaces,  generally  forming 
jDatches  and  not  covering  the  entire  leaf. 

Specimens  collected :  On  Celiis  reticulata  Torr. — Austin,  415 ;  Georgetown, 
2392 ;  Cuero,  2587. 

HAWTHORN. 

Blotch  {Hendersonia  foliorwrn  Fckl.). — On  the  leaves  of  the  haw- 
thorn {Crataegus  spp.)  large,  brown,  irregular  blotches  appear,  and 
on  these  blotches   black   dots    (the   pycnidia)    are   formed.     Each 
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pycnidium  contains  brown  spores,  15  by  6  /x,  and  three  septate.  It  is 
probably  merely  associated  with  a  physiological  languor,  coming  in 
as  a  saprophyte. 

Specimen  collected :  Gonzales,  2698. 

Leaf -spot  {Cercospora  crataegi  Heald  and  Wolf,  32). — This  fungus 
causes  the  formation  of  large,  dark-brown,  irregular  areas  from  5  to 
10  mm.  or  more  in  diaifieter.  The  spots  are  darker  above  than  be- 
low, and  when  as  many  as  20  to  25  in  number  are  confluent,  involv- 
ing large  areas,  with  chlorotic  tissue  surrounding  them.  The  upper 
surface  is  broken  by  the  numerous  brown  tufts  of  conidiophores  and 
conidia.  The  conidiophores  are  closely  aggregated,  24  to  30  by  5  to 
6  /A,  brown  and  nonseptate.  The  conidia  are  clavate,  straight  or 
curved,  120  to  180  by  5  to  7  fi,  many  septate  with  prominent  guttulse. 
(PI.  lY,  fig.  2.) 

Specimen  collected:  Gonzales,  2697  (type  specimen). 

Rust  {Gymnosporangium,  glohosum  Farl.).— The  cluster  cups  of 
this  rust  were  found  abundantly  present  on  the  leaves  and  twigs  of 
Crataegus  crus-galli  L.     (See  under  ''  Cedar.") 

Specimens  collected:  Austin,  1312.  1444   (cluster  cups). 

Rust  {Gymnos'porangiu'm  sp.). — Several  species  of  Crataegus  have 
been  found  whose  leaves  are  covered  by  reddish-yellow  areas,  with  a 
group  of  black  spermagonia  at  the  center. 

Specimens  collected:   Elgin,  2009;  Lockliart.  2069. 

HEMP  TREE. 

Leaf-spot  ( Cercospora  mtieis  Ell.  and  E v. ) . — Irregular,  suborbicu- 
lar,  rusty  spots,  2  to  4  mm.  in  diameter  are  formed  on  the  hemp  tree 
(Vifex  agnus-castus  L.).  The  margin  of  the  area  is  elevated  and 
darker,  with  a  paler  center  as  the  sjDots  become  old. 

Specimen  collected  :    Nursery,  2569, 

JAPANESE  IVY. 

Leaf -spot  {Phyllosticta  lahruscae  Thm,), — The  spots  produced  on 
the  Japanese  ivy  {Psedera  tricuspidata  (Sieb.  and  Zucc.)  Rehder) 
by  this  fungus  are  subcircular,  5  to  8  mm.  in  diameter,  reddish  brown, 
with  a  narrow  dark  border.  The  black  pycnidia  ojDen  to  the  upper 
surface. 

Specimen  collected  :   Austin,  3103. 

LILAC. 

Leaf -blight  {Cercospora  macromaculans  Heald  and  "Wolf,  32). — 
Tliis  blight  on  the  lilac  {SyAnga  sp.)  is  characterized  by  the  pres- 
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ence  of  large,  brown,  dead  patches  1  cm.  or  more  in  diameter,  which 
are  more  or  less  irregular  and  either  central  or  marginal.  The  center 
of  the  spots  is  frequently  gray,  and  sometimes  an  evident  zonation 
is  exhibited,  due  to  the  concentric  arrangement  of  the  dark  conidial 
tufts. 

Conidiophores  amphigenous,  densely  fasciculate,  many  septate,  dark 
broAvn,  GO  to  75  b}^  G  ^u;  spores  slender  clavate,  tapering  gradually  to 
the  end,  few  to  many  septate,  hyaline,  70  to  187  by  2.8  to  3  /x.  (PI.  I, 
fig.  7.) 

This  blight  causes  the  death  of  many  leaves  and  much  defoliation. 

Specimens  collected:  Austin,  463,  1910;  Kerrville,  1603  (type  specimen). 

Powdery  mildew  {Microsphaera  alni  (Wallr.)  Wint.). — The  lilac 
is  only  rarely  used  in  this  region  as  an  ornamental  shrub,  and  so  the 
mildew  is  not  common. 

Specimen  collected :  Austin,  1308. 

LIPPIA. 

Leaf -spot  {Cylindrosporium  lippiae  Heald  and  Wolf,  32). — This 
fungus  produces  on  lippia  {Lippia  ligustrina  (Lag.)  Britton)  three 
to  four  circular  spots  2  or  3  mm.  in  diameter  to  each  leaf.  The  spots 
have  gray  centers  with  narrow  brown  borders  edged  with  a  tinge  of 
yellow,  and  show  in  the  center  numerous  white  conidial  tufts. 

Acervuli  amphigenous,  30  to  100  fi  in  diameter,  more  on  the  upper 
surface;  spores  hyaline,  straight  or  generally  curved,  continuous  or 
one  to  three  septate,  24  to  54  by  3  jn,  nearly  cylindrical.  (PI.  VI, 
fig.  5). 

Specimen  collected:  Llano,  1756   (type  specimen). 

MAGNOLIA. 

Leaf -spot  {C  oniothyrium,  olivaceum  Bon.  var.  grandiforae  Sacc). — 
This  fungus  on  the  magnolia  {Magnolia  grandiflora  L.)  occurs  on 
circular  or  subcircular,  definite-margined  spots,  1  to  5  mm.  in  diame- 
ter, which  are  yellowish  brown  above  with  a  narrow  limiting  zone 
of  darker  brown  and  uniformly  browni  on  the  under  surface,  but  of 
a  darker  shade.  There  may  be  from  a  few  to  a  dozen  or  more  spots 
to  each  leaf,  but  the  fungus  is  not  responsible  for  any  defoliation. 

The  pycnidia  are  on  the  lower  surface  and  are  uniform  in  color 
with  the  spot,  and  consequently  are  not  visible  to  the  naked  eye. 
They  are  globular,  100  /x  in  diameter,  which  is  much  less  than  the 
recorded  size  (300  to  350  /x),  but  the  spores  are  of  similar  dimensions. 

Specimen  collected :  Georgetown,  2374. 

MAPLE. 

Leaf  tip-blight  {Gloeosporium  sp. ?). — The  maple  {Acer  sacchari- 
num  L.)   is  not  indigenous  to  this  section,  and  occurs  only  rarely 
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under  cultivation.     This  leaf  disease  causes  a  browning  of  the  tips 
of  the  lobes.     The  acervuli  are  sparsely  present  on  the  lower  surface. 
We  were  unable  definitely  to  associate  this  fungus  with  any  of  the 
ten  species  described  as  occurring  on  species  of  Acer. 
Specimens  collected:  Victoria,  2520;  Flatonia,  2716. 

MESQUITE. 

Anthracnose  {Gloeosporium  leguminuin  (Cke.)  Sacc). — The  pods 
of  the  mesquite  {Prosopis  glanclulosa  Torr.)  are  quite  generally 
affected  by  a  Gloeosporium,  which  produces  irregular  slightly  sunken 
areas  on  one  side  of  the  pods  or  completely  encircling  them.  The 
spots  show  numerous  black  acervuli,  which  are  generally  aggregated 
and  frequently  confluent  on  a  gray  ground,  and  the  whole  area  is 
surrounded  by  a  narrow  zone  of  brown.  Seriously  affected  pods  fall 
from  the  tree  before  they  reach  maturity. 

Specimens  collected:  Austin,  17;  San  Antonio,  1360;  Beeville,  1796;  Elgin, 
1891;  Uvalde,  1961;  Hondo,  1996;  Bastrop,  2046;  Loclihart  2061;  San  Marcos, 
2096;  Cotulla,  2184;  Luling.  2253;  Seguin,  2314;  Stockdale,  2609;  Gonzales, 
2662;  Floresville,  2843. 

Blight. — The  affected  leaves  in  the  early  part  of  the  growing  season 
show  a  pronounced  yellow  color  on  the  upper  surface,  while  large 
numbers  of  minute  yellowish  heaps  cover  the  under  surface.  The 
affected  leaves  soon  fall,  and  by  midsummer  they  have  entirely  dis- 
appeared. Thus  far  it  has  been  impossible  to  associate  the  trouble 
with  any  known  organism. 

Specimens  collected:  San  Marcos,  926;  Austin,  1065. 

Galls. — The  large  limbs  and  smaller  branches  of  the  mesquite  some- 
times show  abnormal  enlargements  which  are  frequently  globular 
or  sometimes  elongated  and  sometimes  greatly  exceed  the  diameter  of 
the  branch  on  which  they  are  produced.  (PI.  XV,  figs.  2  and  3.) 
Specimens  have  been  obtained  ranging  from  1  to  8  or  10  inches  in 
diameter.  The  gall  is  produced  by  an  abnormal  growth  of  the  wood, 
and  cross  sections  of  galls  always  show  small  brown  specks  where  the 
wood  cells  are  more  or  less  disintegrated.  These  are  distributed 
throughout  the  entire  woody  region. 

These  galls  are  not  of  insect  origin,  and  cultural  work  attempted 
has  as  yet  failed  to  connect  either  bacteria  or  fungi  with  the  disease, 
although  both  have  been  obtained. 

Specimens  collected :  Austin,  1294 ;  Llano,  1746 ;  Beeville,  1858 ;  Cotulla,  2218 ; 
Runge,  2923. 

Mistletoe  {Phoradendron  favescens  (Pursh.)  Nutt.). — The  Ameri- 
can mistletoe  is  not  uncommon  on  the  mesquite.     In  some  regions 
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having  a  scarcity  of  forage  it  is  pruned  from  the  trees  and  fed  to 
cattle. 

Specimens  collected :  Llano,  1737 ;  Cotulla,  2183 ;  Luling,  2277  ;  Seguin,  2297. 

Leaf -blight  {Cercospora  prosopidis  Heald  and  Wolf,  32). — This 
disease  is  characterized  by  the  presence  of  irregular,  angular,  brown 
patches  which  occupy  one  side  of  the  midrib  of  the  leaflets  or  extend 
across  the  whole  leaflet  and  are  generally  bounded  by  a  narrow, 
brown  border.  The  spots  may  be  either  tenninal  or  removed  from 
the  apex  of  the  leaflets,  and  they  frequently  advance  until  the  whole 
leaflet  is  killed  or  drops  from  the  tree.  In  some  cases  it  is  very 
abundant  and  causes  considerable  defoliation.  Its  greatest  develop- 
ment may  be  found  in  the  dense  mesquite  thicket. 

The  conidiophores  are  amphigenous,  densely  fasciculate,  uniformly 
brown,  continuous,  18  to  30  by  3  to  4  /tt;  spores  straight,  cylindrical 
to  slightly  club  shaped,  brownish,  20  to  70  by  4  to  5  /t,  and  one  to 
many  septate.     (PI.  Ill,  fig.  2.) 

Specimens  collected:  Uvalde,  1959  (type  specimen)  ;  Luling.  2264;  Falfurrias, 
2468;  Gonzales,  2663;  Kennedy,  2824;  Floresville,  2847. 

Powdery  mildew  {Erysiphe  sp.  ?). — The  young  mesquites  are  fre- 
quently affected  with  powdery  mildew,  but  it  is  rare  on  older  trees. 
It  produces  no  apparent  injury  and  is  abundant  only  near  the  end 
of  the  gTowing  season.  Immature  perithecia  were  found  in  one 
locality,  but  all  other  collections  represent  only  the  conidial  stage. 
Salmon  in  his  monograph  does  not  record  a  powdery  mildew  for  this 
host,  hence  the  specific  determination  can  not  be  made. 

Specimens  collected:  Austin,  200,  2917;  Beeville,  1867;  Uvalde,  1960;  San 
Marcos,  2091;  Cotulla,  2172;  Luling,  2278;  Seguin,  2315;  Farfurrias,  2491; 
Cuero,  2579;  Stoclcdale,  2610;  Gonzales,  2684;  Skidmore,  2815;  Kennedy,  2837; 
Floresville,  2841;  Hallettsville,  2900. 

Rust  {Ravenelia  arizonica  Ell.  and  Ev.). — ^This  rust  is  very  incon- 
spicuous, producing  a  few^  minute  brown  sori  on  both  surfaces  of  the 
leaflets.  There  was  no  other  discoloration  of  the  leaves  in  the  speci- 
mens collected.    Specimens  obtained  from  a  single  locality. 

Specimen  collected:  Falfurrias,  2492. 

MULBERRY. 

Die-back  {Myxosporivm  diedicl'ei  Syd.). — The  branches  of  young 
mulberry  plants  {Moi^us  spp.)  in  the  nursery  rows  were  covered  with 
whitish  or  pink  pustules  protruding  through  the  epidermis.  The  ter- 
minal portions  of  the  twigs  had  apparently  been  killed  by  this 
fungus. 

Specimen  collected :  On  Morus  alba  L. — Georgetown,  2359. 
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Eye-spot  {Cercospora  moricola  Cke.). — This  fungus  produces  cir- 
cular or  subcircular  spots  3  to  7  mm.  in  diameter  on  the  leaves.  The 
center  is  tan  colored,  with  a  very  dark  outer  zone  and  outside  of  this 
a  halo  of  A'ellowish  brown,  paling  out  into  the  green.  (PI.  XIII,  fig. 
2.)  The  conidiophores,  densely  tufted,  pale  yellow,  20  to  25  by  3  to 
3.5  /i,  are  on  the  lower  surface.  The  conidia  are  clavate,  30  to  75  by 
4  to  4.5  /A,  slightly  colored,  two  to  eight  septate,  guttulate.  (PI.  IV, 
fig.  G.)     This  is  a  common  disease  on  both  wild  and  cultivated  forms. 

Specimens  collected :  On  Alorus  rubra  L. — Llauo,  1747 ;  Luling,  2273 ;  Seguin, 
2282 ;  Victoria,  2512 ;  Nursery,  2558,  2568 ;  Stockdale,  2607 ;  Hallettsville,  2796. 

Leaf-spot  {Cercospora  missouriensis  Wint.). — Large,  orbicular, 
dark-brown  spots  are  formed  on  the  leaves.  They  vary  in  size  from 
3  to  7  mm.  and  usually  have  a  slightly  darker  border.  The  coni- 
diophores are  borne  on  the  lower  surface  in  dense  tufts. 

This  species  is  listed  by  Saccardo  (44)  under  C.  pulvinulata  Sacc. 
and  Wint. 

Specimens  collected :  On  Morus  rii'bra  L. — Austin,  465,  469 ;  Beeville,  1844 ; 
Falfurrias,  2459;  Cuero,  2597;  Floresville,  2842. 

leaf -spot  {Cercosporella  mori  Pk.^). — This  diseased  condition  of 

the  foliage  is  characterized  by  the  formation  of  irregular,  circular 

or  angular  spots  1  to  8  mm.  in  diameter.     The  areas  are  brown  in 

color,  with  a  darker  border.     A  conspicuous  cushionlike  cluster  of 

white  or  j^inkish  conidia  is  extruded  near  the  center,  or  they  may 

be  scattered  over  the  surface  of  the  spots.     These  acervuli  are  for  the 

most  part  on  the  under  surface  of  the  leaf,  and  are  50  to  100  /a  in 

diameter.     The  conidiophores  are  faintly  smoky.     The  conidia  are 

slightly  clavate,  several  septate,  hyaline,  35  to  75  by  3  to  4  /x.     (PI. 

VII,  fig.  8.) 

Specimens  collected:  On  Morus  alba  L. — New  Braunfels,  1684,  1721;  Beeville, 
1832;  Seguin,  2330;  Austin,  3184. 

OAK. 

Ball  moss  {Tillandsia  recurvata  L.). — This  lives  epiplMically  on 
the  oak  {Quercus  spp.)  throughout  the  entire  range  except  the  ex- 
treme western  and  northwestern  portions  covered  by  this  survey.  It 
is  quite  commonly  considered  as  parasitic,  since  it  occurs  so  abun- 
dantly and  is  so  apparent  on  dead  trees.  Death  is  probably  due  to 
shading  of  the  foliage  in  addition  to  edaphic  and  climatic  factors. 

leaf -spot  {Marsonia  quercus  Pk.). — The  spots,  1  to  2  mm.  in  diame- 
ter, are  whitish  or  grayish  brown  above  and  brown  below.  The  areas 
are  often  bordered  by  a  narrow  purplish  zone. 

•    Specimens  collected:  Elgin,  2008;  Victoria,  2502;  Stockdale,  2644;  Flatonia, 
2735. 


1  This  fungus  has  hcen  determined  as  Cercosporella  mori  nov.  sp.  by  Prof.  C.  H.  Pecli, 
to  whom  specimens  were  sent  for  identification. 
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Spanish  moss  {Dendropogon  usneoides  (L.)  Raf.), — This  epiphyte 
forms  long  pendent  festoons  and  is  very  commonly  distributed. 
It  is  most  abundant,  however,  along  the  watercourses,  while  the  ball 
moss  is  more  abundant  on  the  higher  ground. 

Tar-spot  [Rhytisma  (rytliros^povmrb  B.  and  C). — Thin,  black 
blotches,  usually  about  4  mm.  in  diameter,  but  sometimes  as  large 
as  8  mm.,  are  formed  on  the  upper  surface  of  the  leaves  of  the  live 
oak.     (PI.  XIII,  fig.  3.) 

Specimens  collected:  On  Qiicrcus  virginianv  Mill. — Austin,  176,  490,  547,  2936. 

OLEASTER. 

Leaf -spot  (Cercospora  elaeagni  Heald  and  Wolf,  32). — In  this  dis- 
ease the  leaves  of  the  oleaster  {Elaeagnus  sp.)  show  on  the  upper 
surface  an  abundance  of  circular  or  subcircular  spots  1  to  2  mm.  in 
diameter  with  a  definite  brown  border  and  a  whitish  or  brown  center. 
The  spots  are  inconspicuous  on  the  under  surface  on  account  of  the 
dense,  silvery  tomentum.  There  is  generally  some  yellowing  beyond 
the  spot  and  in  many  cases  a  pronounced  yellowing  of  the  whole  leaf. 

Conidiophores  amphigenous,  densely  fasciculate,  dark  brown,  40 
by  3.5  to  4  /x,  more  abundant  on  the  upper  surface;  spores  clavate, 
straight  or  slightly  curved,  nearly  hyaline,  28  to  150  by  2.5  to  4  jw,  and 
one  to  several  septate.     (PI.  IV,  fig.  4.) 

Specimen  collected:  On  imported  host  (species  not  known) — Floresville,  2861 
(type  specimen). 

OSAGE  ORANGE. 

Blight  {Sporodesmium  maclurae  Thm.). — No  definite  spots  are 
produced  on  the  foliage  of  the  Osage  orange  {Toxylon  pomiferum 
Raf.).  The  under  surface  acquires  a  diffuse  dirty-brown  coloration, 
not  so  abundant,  however,  on  the  upper  surface.  Considerable  chlo- 
rosis accompanies  this  disease,  and  a  subsequent  defoliation  results. 
(PI.  V,  fig.  6.) 

Specimens  collected:  Austin,  1922;  Seguin,  2319. 

Cottony  leaf -spot  {Ovularia  maclurae  Ell.  and  Langl.). — This  leaf 
disease  is  characterized  by  the  cottony  appearance  of  the  lower  sur- 
face of  the  affected  areas.  The  upper  surface  of  the  spots  is  circular 
to  irregular,  rusty  brown,  and  they  vary  in  size  from  3  to  10  mm. 

Specimen  collected :  Gonzales,  2694. 

PECAN. 

Leaf -blight  {Septoria  caryae  Ell.  and  Ev.). — Some  of  the  trees  of 
the  pecan  {Hicoria  pecan  (Marsh.)  Britt.)  in  the  vicinity  of  Austin 
show  a  large  amount  of  leaf-blight  characterized  by  the  presence  of 
large,  irregular,  chestnut-brown  areas  on  the  under  surface  of  the 
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leaflets,  while  the  upper  surface  is  somewhat  paler.  The  minute 
black  p3'cnidia  are  very  numerous  on  the  under  surface,  but  are 
absent  from  the  upper  surface.  It  may  be  noted  that  the  description 
of  Saccardo  (47)  gives  the  pycniclia  as  amphigenous.  There  is  also 
a  considerable  amount  of  yellowing  of  the  leaf  tissue  adjacent  to  the 
spots,  and  more  or  less  defoliation  results. 

Specimens  collected :  Austin,  238,  2908. 

Leaf -spot  {Clasterospoy^uTn  dijfusum  Heald  and  Wolf,  32). — This 
fungus  produces  circular  or  irregular,  indefinite-margined,  brown 
spots,  5  to  10  mm.  in  diameter,  which  are  uniformly  brown  on  both 
surfaces  of  the  leaflets. 

The  fungus  produces  dark-brown  hyphse  which  run  throughout  the 

dead  tissue,  or  creep  over  either  surface  of  the  affected  area,  or  are 

sometimes  aggregated   to  produce  clusters  of  erect   conidiophores. 

Spores  curved-clavate,  many  septate,  brown,  45  to  135  by  4  to  5  /i. 

(PI.  VII,  fig.  4.) 

Specimens  collected:  Victoria,  2536;  Gonzales,  2695  (type  specimen);  Yoa- 
kum, 2770;  Hallettsville,  2783. 

Scab  {Fusicladium  effusum  Wint.). — This  disease  first  produces 
minute  brown  spots  on  the  under  surface  of  the  leaflet  which  increase 
in  size  until  they  reach  3  to  5  mm.  in  diameter.  The  spots  are  cir- 
cular or  subcircular,  and  in  severe  infections  they  may  become  con- 
fluent. In  the  earlier  stages  the  spots  are  confined  to  the  lower  sur- 
face, but  finally  the  leaf  tissue  is  killed  and  the  spot  becomes  dark 
brown  on  the  upper  surface.  It  does  not  show  the  velvety  appearance 
of  the  under  surface,  since  the  conidiophores  are  entirely  hypophyl- 
lous.     The  scab  spots  occur  also  on  the  petioles. 

Specimens  collected  :  Kerrville.  1570 ;  Uvalde.  1927  ;  Seguin,  2309.  ^ 

POISON    OAK. 

Rust  {Plleolaria  toxicodendri  (B.  and  Rav.)  Arth.). — The  small 
chocolate-brown  sori  are  formed  in  abundance  on  the  upper  surface 
of  the  leaves  of  the  poison  oak  {Rhus  toxicodendron  L.). 

Specimen  collected:  Austin,  347. 

POMEGRANATE. 

Leaf -spot  {Gercosfora  lythracearum  Ileald  and  Wolf,  32). — This 
fungus  on  the  pomegranate  {Punica  granatum  L.)  produces  angu- 
lar— more  or  less  rounded — brown  spots  with  an  indefinite  margin 
below,  1  to  4  or  5  mm.  in  diameter,  sometimes  larger.  Exceedingly 
dense  aggregates  of  conidiophores  are  present  on  both  surfaces,  20  to 
30  by  3  /«,  clear  or  only  faintly  yellowish;  conidia  clavate,  30  to  56 
by  3  to  3.5  /t^,  clear,  septate.     (PI.  I,  fig.  5.) 
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This  is  apparently  the  same  species  of  Cercospora  which  we  have 
described  as  causing  a  leaf  spot  of  crape  myrtle  (p.  64),  a  closely 
related  host,  and  the  difference  in  the  conidiophores  is  no  more  than 
might  be  expected  from  growth  upon  different  hosts. 

Specimens  collected:  Beeville,  1829;  Falfurnas,  2472;  Victoria,  2510,  2515; 
Cuero,  2589;  Flatonia,  2738. 

PRICKLY   ASH. 

Rust  {Aecidium  xanthoxyli  Pk.). — Cluster  cups  were  found  on 
the  leaves  of  prickly  ash  {Zanthoxylum  clava-herculis  L.)  ;  espe- 
cially abundant  in  the  vicinity  of  Austin. 

Specimens  collected :  Elgin,  1872 ;  Austin,  3114. 

Sooty  mold  {Fwrhago  vagamf  P.). — This  forms  a  sooty  coating 
on  the  foliage. 

Specimen  collected  :  Austin,  419. 

PRIVET. 

Leaf-spot  {Cercos'pora  adusta  Heald  and  Wolf,  32.) — This  forms  on 
the  privet  {Ligustrum  spp.)  dark-brown  areas  involving  large  spots, 
frequently  extending  from  the  tip  downward  or  from  the  margin 
inward.  Rarely  are  the  spots  removed  from  the  margin.  The 
older  diseased  parts  become  very  dark  and  the  newer,  brown,  with 
a  gradual  shading  out  into  the  chlorotic  tissue.  Conidiophores  100 
to  150  by  4  to  5  ;«,,  brown  and  septate,  appear  on  both  surfaces  in 
small  clusters.  The  conidia  are  densely  granular,  clear,  multi- 
septate,  and  85  to  160  by  3  to  4  /x.     (PI.  Ill,  fig.  1.) 

Alternaria  is  abundantly  present  on  the  spots,  probably  as  a  sap- 
rophyte. 

Specimens  collected:  On  Ligustrum  ovalifoUum  Hassk. — Falfurrias,  2471 
(type  specimen)  ;  Floresville,  2851. 

Leaf-spot  {Cercospora  Ugustri  Roum.). — Somewhat  circular  or 
irregular  spots,  sometimes  as  large  as  7  mm.,  are  formed.  They  are 
brown  with  a  grayish  center  above  and  brown  below.  The  margin 
is  purplish  or  darker  brown.     (PI.  XV,  fig.  1.) 

Specimen  collected :  On  Ligustrum  japonicum  Thunb. — Austin,  131(3. 

Leaf -spot  {Phyllosticta  ovalifoUi  Brun.). — Small  circular  brown 
spots  2  or  3  mm.  in  diameter,  with  a  darker  margin,  occur  on  the 
leaves.     The  black  pycnidia  are  few  in  each  area. 

Specimen  collected :  On  Ligustrum  ovalifoUum  Hassk. — San  Antonio,  1405. 

REDBUD. 

Leaf -spot  {Cercospora  cercidicola  Ell.). — In  the  beginning  small 
brown  spots  appear  on  the  leaves  of  the  redbud  {Cercis  occidentalis 
Torr.).  These  spots  become  2  to  4  mm.  in  diameter,  angular,  dark 
brown  above  and  brown  below,  with  a  region  of  yellow  tissue  sur- 
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rounding  each  spot.     The  leaves  become  badly  spotted,  and  defolia- 
tion results. 

Specimens  collected :  Kerrville,  1621 ;  Austin,  1913 ;  Georgetown,  2397. 

BETAMA. 

Sooty  mold  {Dimeros'poymtnh  parkmsoniae  Heald  and  Wolf,  32). — 
The  leaves  and  smaller  twigs  and  even  the  smooth  bark  of  larger 
branches  of  retama  {Parhinsonia  aculeata  L.)  are  sometimes  covered 
with  patches  made  up  of  dense  aggregates  of  brown,  septate  hyphae. 

The  conidia  are  dark  brown,  one  to  four  celled,  and  also  muriform. 
(PL  VII,  fig.  2.)  The  asci  are  eight  spored,  45  to  50  by  12  to  15  /x; 
spores  hyaline,  two  celled,  lower  cell  smaller,  both  biguttulate,  and 
15  to  18  by  4  to  6  /It.     (PI.  VII,  fig.  1.) 

Specimens  collected:  Austin,  455;  Seguin,  2311  (type  specimen);  Gonzales, 
2658;  Hallettsville,  2901. 

SUMAC. 

Leaf -spot  {Cercospora  rhoina  Cke.  and  Ell.). — Circular  or  irregidar 
brown  or  dark-brown,  almost  black,  spots,  3  to  5  mm.  in  diameter, 
are  formed  on  the  leaves  of  sumac  {Rhus  copallina  lanceolata  Gray). 
They  have  a  tendency  to  be  marginal  and  extend  inward,  the  outline 
being  angular,  due  to  the  veins  of  the  leaf. 

Specimens  collected:  Austin,  218;  Georgetown,  2399. 

SWAMP   CYPRESS. 

Leaf-blight  {Pestalozzia  funerea  Desm.). — In  this  disease  the  leaf- 
lets of  the  swamp  cypress  {Taxodmm  distichum  (L.)  Rich.)  turn 
brown.  Beginning  at  the  tips,  they  become  brown  throughout,  or 
show  somewhat  grayish,  with  an  abundance  of  black  acervuli.  The 
foliage  of  affected  trees  was  badly  blighted.  In  one  collection  show- 
ing similar  symptoms  the  Pestalozzia  was  not  present,  but  an  Al- 
ternaria  species  was  found,  so  it  may  be  possible  that  the  Pestalozzia 
is  only  a  secondary  factor  in  producing  the  disease. 

Specimens  collected:  Victoria,  2535;  Gonzales,  2678. 

SYCAMORE. 

Blight  {Gloeosporium-  ncrviseqimm  (Fckl.)  Sacc). — This  blight, 
which  is  characterized  by  the  formation  of  dead  areas  beginning  at 
the  margin  of  the  leaf  or  the  tips  of  the  lobes  and  spreading  through- 
out the  leaf,  is  very  destructive  to  the  sycamore  {Plataniis  occiden- 
talis  L.)  in  the  more  humid  portion  of  this  territoiy,  but  rare  in 
the  w^estern  and  southwestern  portion. 

Specimens  collected:  Tyler,  1550;  New  Braunfels,  1723;  Bastrop,  2056;  San 
Marcos,  2118;  Georgetown,  2371;   Flatonia,  2710;  Hallettsville,  2774;   Falfur- 
rias,  2470. 
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leaf -blight  {Phleospora  Tnultimacidans  Heald  and  Wolf,  32). — 
Definite,  irreo;nlar,  circular  or  angular  spots,  dark  brown  or  purple, 
and  1  to  3  mm.  in  diameter,  are  produced  upon  the  upper  surface 
of  the  leaves.  They  frequently  show  a  brown  center,  and  on  the 
under  surface  the  spot  is  brown  throughout  with  a  darker  brown 
border.  The  spots  frequently  become  confluent  and  produce  dirty- 
brown,  extended,  dead  areas.  The  spots  may  be  very  numerous,  and 
in  nurseries  much  defoliation  results.     (PI.  XIV,  fig.  2.) 

The  pycnidia  are  hypopliyllous;  spores  nearly  cylindrical,  straight 
or  curved,  hyaline,  30  to  50  by  3.5  to  5  /x,  and  two  to  three  septate, 
sometimes  four  septate  (PI.  V,  fig.  7).     (See  also  Walnut.) 

Specimens  collected:  Austin,  1398,  1535;  Brenham,  1462;  New  Braunfels, 
1682  (type  specimen)  ;  Llano,  1767;  Victoria,  2503;  Gonzales,  26.55;  Floresville, 

2858. 

SYMPHORICARPOS. 

Powdery  mildew  {Microsphaera  diffusa  Cke.  and  Pk.). — Both  the 
conidial  and  perithecial  condition  were  abundantly  present  on  Si/m- 
phoricarpos  orhiculatus  Moench  where  this  was  observed.  Causes 
little  apparent  injury. 

Specimen  collected:  Austin,  1311. 

TREE-OF-HEAVEN. 

Shot-hole  {Cei'cospora  glandiilosa  Ell.  and  Kellerm.). — This  disease 
on  the  tree-of -heaven  {Ailanthus  glandulosa  Desf.)  forms  circular 
spots  1  to  3  mm.  in  diameter,  brown,  becoming  gray  above,  with  an 
elevated  margin.  The  whitish  conidial  tufts  are  very  conspicuous  on 
the  lower  surface.  The  entire  diseased  area  at  length  drops  out, 
producing  on  the  leaves  a  "  shot-hole  "  effect. 

Specimens  collected :  New  Braunfels,  1698 ;  Austin,  2862. 

TRUMPET   CREEPER. 

Leaf -mold  {Cercospora  sordid  a  Sacc). — On  the  lower  surface  of 
the  leaf  of  trumpet  creeper  {Tecoma  radicans  (L.)  Juss.)  a  diffuse, 
indefinite,  brown  or  olivaceous  coating  is  formed.  This  shows  on 
the  upper  surface  as  a  slight  chlorosis  of  the  tissue. 

Specimens  collected:  Bastrop,  2028;  Victoria,  2519. 

Leaf-spot  {Septoria  tecoTMB  Ell.  and  Ev.). — The  diseased  areas  are 
purplish  throughout  in  the  earlier  stages  of  their  development,  2  to 
3  mm.  in  diameter,  and  Avith  an  indefinite  outline.  Later  a  minute, 
central,  grayish  patch  is  formed  in  which  the  pycnidia  are  produced. 

Specimen  collected :  Austin,  1317. 
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TULIP  TREE. 

Leaf -blight  {Gloeosporium  Unodendri  Ell.  and  Ev.).— The  leaves 
of  the  tulip  tree  {Linodendron  tidipifera  L.)  may  show  extended, 
dead,  brown  patches  which  involve  part  or  the  whole  of  the  leaf  lobes, 
advancing  from  the  tips  or  margins.  The  spots  are  light  brown  and 
darker  at  the  advancing  edges.  Gloeosporium  Uriodendri  is  present, 
but  it  is  impossible  to  say  whether  it  is  the  entire  cause  of  the  blight. 

Specimens  collected :  New  Braunfels,  1680 ;  Seguin,  2281. 

Leaf-spot.— The  leaves  of  the  tulip  tree  in  one  locality  showed  ?■ 
definite  spotting  which  indicates  a  fungous  trouble,  ahhough  no  fim- 
gus  spores  were  found.  The  spots  are  irregularly  circular,  4  to  8 
mm.  in  diameter,  dark  brown  or  black,  surrounded  by  a  broad  zone  of 
yellow  which  fades  out  without  a  definite  boundary.  On  the  lower 
surface  the  spots  are  less  pronounced  and  more  of  a  purplish-black 
color.  The  affected  leaves  may  show  only  a  few  spots  or  as  many  as 
25,  and  in  some  cases  extensive,  dead,  brown  areas  may  be  produced. 

Specimen  collected:  Georgetown,  2370. 

UMBRELLA  CHINA  TREE. 

Root-rot  {Ozonium  omnivoimm,  Shear.). — This  was  found  on  an 
imibrella  China  tree  {Melia  azedarach  L.)  in  a  nursery  where  the 
root-rot  had  killed  the  young  trees  of  black  locust  in  an  adjacent  plat. 

Specimen  collected:  Georgetown,  2352. 

VIRGINIA  CREEPER. 

Leaf -spot  {Cercospora  pustula  Cke.).— This  fungus  produces  on  the 
Virginia  creeper  {Psedera  quinquefolia  (L.)  Greene)  dark-brown, 
purple,  or  almost  black  spots,  subcircular  or  angular,  1  to  2  mm.  in 
diameter  or  smaller,  and  generally  surrounded  by  a  zone  of  yellow. 
Colors  are  more  dilute  on  the  under  surface. 

The  conidiophores  are  epiphyllous,  fasciculate  in  rather  sparse 
groups,  continuous,  35  to  45  by  4  /*,  uniformly  yellowish  brown; 
spores  smoky,  clavate,  straight  or  curved,  28  to  72  by  4  ^,  and  two 
or  three  septate.  (PI.  Ill,  fig.  5.)  Differs  from  C.  wmpelopsidis  in 
having  smaller  spores,  and  epiphyllous  conidiophores. 

Specimens  collected :  Austin.  1277 ;  New  Braunfels,  1669. 

Leaf -spot  {Phyllosticta  ampelopsidis  Ell.  and  Martin).— Definite, 
circular,  brown  spots,  1  to  5  mm.  in  diameter,  with  a  darker  border, 
are  characteristic  of  this  trouble. 

Specimens  collected:  Austin,  1547;  New  Braunfels,  1670. 
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WALNUT. 

Leaf-spot  {Phleospora  multimacula'ns  Heald  and  Wolf,  32). — The 
spots  on  the  leaves  of  the  walnut  {Juglmis  sp.)  produced  by  this  fun- 
gus average  about  1  mm.  in  diameter,  are  subcircular,  dark  brown 
with  a  darker  border  on  the  upper  surface,  and  about  a  uniform 
brown  on  the  under  surface.  The  spots  may  be  few  in  number,  or 
they  may  be  so  numerous  as  almost  completely  to  cover  the  leaf.  It 
is  very  severe  in  some  cases  and  causes  much  defoliation. 

The  pycnidia  are  hypophyllous,  30  by  45  /x ;  the  spores  are  generally 
curved,  hyaline,  nearly  cylindrical,  20  to  40  by  3  to  3.5  /*,  and  one  to 
three  septate.  (PI.  V,  fig.  11.)  The  general  symptomatology  and 
the  close  relationship  of  the  hosts  indicate  that  this  is  the  same  species 
as  described  on  the  sycamore  (p.  79),  although  there  are  slight  mor- 
phological differences. 

Specimens  collected:  (1)  Ou  Juglans  nigra  L. — Austin,  1538,  2426;  Victoria, 
2337;  Stockdale,  2621;  Gonzales,  2682;  Fkitonia,  2721  (type  specimen);  Fal- 
furrias,  2460.     (2)   On  Juglans  regia  L.— Austin,  866;  Falfurrias,  2461. 

WILD   CHINA    TREE. 

Leaf-spot  {Cylindrosporium  griseum  Heald  and  Wolf,  32). — Very 
numerous  grayish  or  whitish,  circular  or  slightly  angular  spots  are 
produced  on  both  surfaces  of  the  leaflets  and  the  rachis  of  the  wild 
China  tree  {Sapindus  dnimmondii  Hook,  and  Arn.)  The  spots  vary 
in  size  from  1  to  5  mm.  with  a  predominating  size  of  1  to  2  mm.  and 
show  more  prominent  veins  owing  to  the  shrinking  of  the  tissue. 
Thev  may  become  confluent  and  cause  extended  dead  areas  (PI.  XIX, 

fig.  i). 

The  acervuli  are  amphigenous,  more  abundant  on  the  upper  sur- 
face, and  are  located  immediately  over  the  prominent  veins  (PI.  VI, 
fig.  12)  ;  they  may  be  nearly  circular  in  outline  or  much  elongated 
along  the  veins,  pale  when  young,  becoming  darker  with  age.  The 
spores  are  cylindrical,  slightly  curved  or  sometimes  straight,  hyaline, 
90  to  135  by  3  to  4.5  jit,^and  seven  to  nine  septate  (PL  VI,  fig.  11). 

Specimens  collected:  Kerrville,  1588;  Llano,  1757  (type  specimen)  ;  Bastrop, 
2026 ;  San  Marcos,  2098. 

Powdery  mildew  (Un^inula  circinata  Cke.  and  Pk.). — The  my- 
celium of  the  fungus  forms  a  very  effuse  coating,  most  abundant  on 
the  lower  surface.  The  leaves  first  become  yellow  and  later  dry 
and  brown.  The  scattered  perithecia  are  produced  on  the  lower  sur- 
face, dark  brown  in  color,  150  to  180  /i  in  diameter,  with  clear  ap- 
pendages about  equal  in  length  to  the  diameter  of  the  perithecium. 
The  asci  are  elongated  65  to  TO  by  25  to  30  /x,  containing  six  to  eight 
ascospores  15  to  18  b}^  9  to  12  fx.  This  species  is  somewhat  doubt- 
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fully  referred  to    TJ .  circinata.     Salmon  records  it  for  species  of 
Acer  only. 

Specimens  collected :  Austin,  315,  441. 

WLLLOW. 

Leaf-spot  {Cercospora  salicina  Ell.  and  Ev.). — Dark-brown,  irregu- 
lar, more  or  less  confluent  areas  from  3  to  8  mm.  in  diameter  are 
present  on  the  leaves  of  the  willow  {Salix  sp.).  The  greater  part 
of  the  leaf  becomes  involved. 

Specimens  collected :  New  Braunfels,  1724 ;  Victoria,  2530 ;  Falf urrias,  2462 ; 
Floresville,  2856. 

Rust  {Melampsora  higelowii  Thm.). — The  yellow  sori  appear  on 
the  foliage,  upon  the  under  surface  of  the  leaves. 

Specimens  collected :  Austin,  83,  237. 

WISTARIA. 

Leaf -spot  {Phyllosticta  wistariae  Sacc). — This  fungus  on  the  wis- 
taria {Kraunhia  sp.)  causes  circular  grayish  or  brown  spots  2  to  5 
mm.  in  diameter,  with  a  narrow  purple  border.  Pycnidia  are  not 
abundant,  and  on  some  of  the  spots  a  species  of  Alternaria  is  present. 
Affected  leaves  showed  considerable  chlorosis. 

Specimen  collected :  Austin,  1304. 

DISEASES    OF    ORNAMENTAL    PLANTS. 
BALSAM-APPLE. 

Leaf -blight  {Ramularia  momordicae  Heald  and  Wolf,  32). — In  the 
early  stages  of  this  disease  the  leaves  of  the  balsam-apple  {Momor- 
dka  halsamiim  L.)  show  irregular  blotches  of  yellow.  As  the  disease 
advances,  circular  to  subcircular  yellowish-brown  areas,  varying 
from  1  to  10  mm.  in  diameter,  with  a  more  or  less  evident  zonation, 
are  formed  on  the  upper  side  of  the  leaf.  On  the  lower  surface  these 
areas  become  depressed  with  a  ridged  margin  and  are  dark  brown  in 
color,  due  to  the  abundance  of  conidiophores  and  conidia.  The 
conidiophores,  aggregated  in  tufts  of  8  to  14,  are  30  to  45  by  4  to  5  /i 
in  size  and  brown  in  color.  The  spores  are  cylindrical,  hyaline,  42  to 
65  by  4  to  5  M,  and  1  to  5  septate.  (PL  V,  fig.  1.)  The  spots  are 
often  so  numerous  as  to  be  confluent,  causing  the  leaves  to  curl  and 
become  dry.    Much  defoliation  results. 

Specimen  collected:  Falfurrias,  2482  (type  specimen). 

BEGONIA. 

Bacterial  leaf -spot  {Bacillus  pyrocyamis  P.  and  D.)   ( ?). — The  first 
appearance  of  this  trouble  on  the  leaves  of  the  begonia  {Begonia  sp.) 
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can  be  noted  by  the  presence  of  purplish  areas  1  to  2  mm.  in  diameter. 
These  spots  become  depressed,  often  show  concentric  zonation,  and 
increase  in  size  to  4  to  8  mm.,  with  a  wide  area  of  yellow,  dead  tissue 
around  them.  The  yellow  areas  may  fuse,  thus  involving  a  large  part 
of  the  leaf,  so  that  it  is  completely  destroyed.  (PI.  XVII,  fig.  2.) 
This  is  probably  the  same  disease  that  occurs  in  France,  although  it 
was  not  observed  to  attack  the  stems  but  only  the  leaves  (40).  The 
disease  was  observed  in  only  a  single  locality,  on  greenhouse  plants. 
No  cultural  work  with  the  organism  was  attempted. 

Specimens  collected :  San  Antonio,  1411,  3176. 

CANDYTUFT. 

Dodder  {Cuscuta  indecora  Choisy). — This  parasite  was  observed 
on  the  candytuft  {Iheris  sp.)  in  only  a  single  locality  where  it  had 
spread  to  a  considerable  extent. 

Specimen  collected:  San  Antonio,  1372. 

CANNA. 

Leaf -blight. — A  very  serious  leaf  disease  of  the  canna  {Carina 
indica  L.)  appears  at  first  as  minute  yellowish  spots  which  become 
from  5  to  10  mm.  in  diameter,  with  brown  centers.  AVlien  isolated 
they  are  subcircular  in  outline,  but  when  abundant  they  coalesce  so 
that  large  irregular  areas  are  involved.  The  brown  parts  show 
alternating  concentric  rings  of  lighter  and  darker  areas  of  brown. 
Examination  reveals  no  evidence  of  either  fungi  or  bacteria,  yet 
the  trouble  is  apparently  of  fungous  origin.  In  severe  cases  the 
entire  leaf  or  leaf  tip  becomes  dead  and  brown. 

Specimens  collected :  New  Braunfels,  1672,  1710. 

CARNATION. 

Root-rot  {Fusarium  sp.?). — This  root  disease  was  observed  on  the 
carnation  {Dianthus  caryophyllus  L.)  both  in  the  greenhouse  and  in 
an  irrigated  garden.  The  smaller  roots  are  destroyed  and  the  larger 
ones  become  badly  disintegrated. 

Considerable  loss  results  among  young  plants. 

Specimens  collected :  San  Antonio,  1385 ;  Austin,  1914. 

Rust  {Uromyces  canjophyllinus  (Schrk.)  Schrt.). — This  fungus 
was  collected  in  a  greenkouse  in  a  single  locality.  The  brown  sori 
were  formed  on  the  leaves  and  stems,  but  were  not  sufficiently  abun- 
dant to  cause  serious  harm. 

Specimens  collected:  Austin,  2941,  3059. 
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CASTOR   BEAN. 

White  leaf -spot  {Cercospoi^a  ricinella  Sacc.  and  BerL). — On  the 
foliage  of  the  castor  bean  {Ricinus  coirmiunis  L.)  this  fungus  causes 
the  formation  of  small  circular  spots  from  1  to  2  mm.  in  diameter. 
These  spots  are  gray  on  both  surfaces  and  have  a  well-defined,  raised, 
purple  margin.  When  the  spots  are  abundant  the  leaves  become 
yellow. 

Specimens  collected:  Falfurrias,  2443;  Flatonia,  2737;  Hallettsville,  2780; 
Austin,  2921. 

CENTURY   PLANT. 

Blight  {Stagonospora  gigantea  Heald  and  Wolf,  32). — The  disease 
begins  on  the  tips  or  margin  of  the  leaves  of  the  century  plant 
{Agave  americana  L.)  and  advances  toward  the  base.  (PL  XVI,  fig. 
1.)  The  diseased  tissue  becomes  dry,  gray,  and  zonate,  marking  the 
periodic  growth  of  the  fungus.  The  pycnidia  are  on  both  leaf  sur- 
faces, covered  at  first,  and  at  length  protiTiding.  They  vary  from 
500  to  600  (I  in  diameter.  (PL  XVI,  fig.  2.)  The  spores  are  large, 
hyaline,  cylindrical,  and  slightly  clavate,  densely  granular  and  fre- 
quently with  many  guttulse,  three  septate  and  72  to  115  by  13  to  15  ji. 
(PL  V,  fig.  3.)  Our  species  differs  from  S.  macrospora  (Dur.  and 
Mont.)  Sacc,  principally  in  having  much  larger  spores,  and  also 
larger  pycnidia. 

This  disease  was  veiy  serious,  blighting  the  plants  in  all  the  locali- 
ties where  it  was  observed. 

Specimens  collected:  Austin,  1283  (type  specimen);  San  Antonio,  1377; 
Boerne,  1648. 

CHINA  ASTER. 

Stem-rot  {Fusanum  sp. ?). — This  fungus  on  the  China  aster  {Cal- 
listeinma  chinensis  (L.)  Skeels)  was  the  cause  of  a  very  considerable 
loss  in  the  one  locality  in  which  it  was  observed.  The  young  plants 
in  the  benches  remain  without  any  apparent  growth  for  a  time,  then 
wither  and  die,  with  a  serious  disintegration  of  the  stem  near  the 
ground. 

Specimen  collected :  Austin,  1445. 

CHRYSANTHEMUM. 

Leaf-spot  {Septoria  chrysanthemi  Allesch.). — This  leaf-spot  of 
chrj^santhemum  {Chrysanthemum  stipidaceum  (Moench)  AV.  F. 
Wight)  has  been  collected  twice  from  greenhouses.  In  some  cases 
it  causes  a  considerable  amount  of  defoliation,  especially  on  the  lower 
part  of  the  plant. 

Specimens  collected:  Austin,  380;  Georgetown,  2368. 
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Root-knot    {Ileterodera   radicicola    (Greef)    Miil.). — Observed    in 
only  a  single  locality.    Affected  plants  were  much  dwarfed. 
Specimeu  collected :  Austiu,  1921. 

COLUMBINE. 

Leaf  anthracnose  {Gloeosporium  aquilegiae  Thm.) . — Large  marginal 
spots,  usually  irregular  in  outline,  are  formed  on  the  leaves  of  the  col- 
umbine {Aquilegia  sp.).  These  diseased  areas  are  yellowish  brown 
in  color  wdth  a  brown  border  and  often  a  yellowish  zone  toward  the 
advancing  edge  of  the  affected  tissue.  The  lower  surface  shows  the 
same  colors  except  that  they  are  more  dilute.  On  the  upper  surface 
are  numerous  little  dots,  the  acervuli.     Observed  in  greenhouses  only. 

Specimens  collected:  Beeville,  1866;  Austin,  2864. 

CYCAS. 

Blight  {Ascochyta  cycadina  Scalia). — The  leaflets  of  Cycas  revo- 
luta  Thunb.  turn  yellow  at  the  tips,  and  as  the  trouble  advances  the 
older  diseased  portions  become  brown.  The  pj^^cnidia,  black  and  more 
or  less  scattered,  form  on  the  upper  surface.  Observed  in  a  single 
locality  where  it  was  abundantly  present  and  apparently  the  cause 
of  considerable  injury. 

Specimen  collected :  Beeville,  1852. 

DAISY. 

Dodder  {Cuscnta  indecora  Choisy). — This  was  observed  on  the 
daisy  {Chrysanthemum  sp.)  in  a  garden  at  San  Antonio. 

Specimen  collected :  San  Antonio,  1664. 

Leaf -spot  {Cercospora  chrysanthemi  Heald  and  Wolf,  32). — The 
diseased  areas 'are  raised  above  and  sunken  below,  and  vary  in  size 
from  2  to  10  mm.  They  have  very  definite  elevated  borders,  are  sub- 
circular  or  irregular  in  outline  and  brown  in  color,  becoming  grayish 
with  age.  The  conidiophores,  present  on  both  surfaces,  are  densely 
fasciculate,  brown,  septate,  45  to  75  bj'  4  /x.  The  conidia  are  clavate, 
40  to  120  by  4  /u,  many  septate,  and  dilutedly  colored.    (PI.  Ill,  fig.  4.) 

When  the  spots  are  abundant  the  leaf  becomes  brown  between  the 
diseased  areas. 

Specimen  collected:  San  Antonio,  1659  (type  specimen). 

elephant's-ear. 

Leaf-spot. — On  the  upper  surface  of  the  leaves  of  elephant's  ear 
{Colocasia  esculenta  (L.)  Schott.)  the  spots  are  circular  in  outline, 
5  to  15  mm.  in  diameter,  with  a  brown  center  and  a  surrounding  zone 
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of  yellow,  shading  out  into  the  green  tissue  without  a  definite  bound- 
ary. On  the  lower  surface  the  spots  are  more  definite  in  outline, 
with  a  brown  center,  surrounded  by  a  yellowish-brown  area  with 
often  a  zone  of  diffuse  white  bordering  the  spot.  This  zone  is  1  to  2 
mm.  wide,  and  probably  marks  the  advance  of  the  fungus.  Only 
sterile  fungous  filaments  were  found.  The  affected  leaves  become 
chlorotic. 

Specimen  collected:  New  Braunfels,  1668. 

four-o'clock. 

White-rust  {Albugo  plotensis  (Speg.)  Swingle).— This  species  of 
white-rust  lias  been  found  on  the  common  four-o'clock  {Mirabilh 
jalapa  L.).  Sori  were  very  abundant  on  the  leaves  which  turned 
brown  and  shriveled,  wdiile  those  in  which  the  disease  was  not  so  far 
advanced  showed  a  marked  chlorosis.  Wilson  (51)  does  not  record 
this  species  for  the  four-o'clock,  although  it  is  common  on  other 
species  of  the  Allioniacese. 

Specimens  collected:  Austin,  3019,  3101. 

GERANIUM. 

Bacterial  leaf-spot. — Geraniums  {Pelargonium  sp.)  have  been  found 
to  suffer  in  the  greenhouse  from  what  is  apparently  a  bacterial  spot. 
The  affected  leaves  show  numerous  subcircular,  brown  or  somewhat 
pellucid  areas  which  are  crowded  full  of  bacteria.  With  the  advance 
of  the  disease  the  intervening  leaf  tissue  turns  brown,  and  extensive 
dead,  wrinkled  areas  result  which  show  the  original  foci  as  darker 
spots  scattered  over  the  dead  portions.  Affected  leaves  generally 
show  more  or  less  chlorosis  and  may  fall  before  they  turn  brown. 
(PI.  XVII,  fig.  1.)  Young  plants  in  the  same  house  were  affected 
with  a  stem-rot  which  was  probably  also  of  bacterial  origin. 

Specimens  collected :  Austin,  374,  474,  1920. 

HOLJ^YHOCK. 

Leaf -spot  {Cercofspora  aUhaeina  Sacc.).— The  numerous  small  circu- 
lar or  angular  spots  1  to  5  mm.  in  diameter  produced  on  the  leaves 
of  the  hollyhock  {Althaea  rosea  (L.)  Cav.)  by  this  fungus  are  reddish 
brown  with  a  darker  border  and  often  a  lighter  center.  The  entire 
area  is  raised  on  the  upper  surface  and  depressed  on  the  lower. 

Specimen  collected :  Austin,  1904. 

IRIS. 

Leaf -blight  {HeterospoHum  gracile  (Wallr.)  Sacc.).— This  blight 
on  the  iris  (/m  sp.)  produces  an  abundance  of  spots  which  make  their 
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appearance  first  on  the  distal  portions  of  the  leaves.  The  young  spots 
show  a  yellow  center  surrounded  by  a  zone  of  watery  tissue.  The 
older  spots  Avhich  have  produced  tufts  of  conidiophores  are  circular 
or  elliptical,  reaching  3  to  8  mm.  in  length,  and  show  a  gray  center 
surrounded  by  ca  zone  of  brown,  bordered  by  a  narrow,  watery  area. 
The  fungus  is  much  more  abundant  toward  the  tips  of  the  leaves  and 
proceeds  downward,  the  terminal  portions  of  the  leaves  often  becom- 
ing brown  and  dead,  with  the  more  or  less  zonate  spots  still  conspicu- 
ous. In  serious  infections  the  leaf  tissue  turns  yellow  in  advance  of 
the  fungus,  and  many  leaves  may  be  completely  killed. 
Specimens  collected :  On  Peace  variety— Austin,  457,  1323,  1436. 

MAY-APPLE. 

Rust  {Kuehneola  hihisci  (Syd.)  Arth.).— This  rust  on  the  May- 
apple  {Malvaviscus  drummondii  T.  and  G.)  produces  very  abundant, 
almost  punctiform  sori  upon  the  under  surface  of  the  leaves  and 
causes  more  or  less  browning  of  the  upper  surface. 

Specimen  collected:  Austin,  372. 

MEXICAN   BLUEBELL. 

Leaf -mold  {Cercosipora  nepheloides  Ell.  and  Holw.). — Diffuse 
olive-green  patches  appear  on  the  leaves  of  the  Mexican  bluebell 
{Eustoma  russelUanu7n  (Hook.)  Griesb.)  At  first  these  patches  are 
more  or  less  circular,  gradually  spreading  over  large  portions  of  the 
leaf,  with  considerable  chlorosis.  In  the  advanced  stages  of  the  dis- 
ease the  conidiophores  and  conidia  have  become  evenly  distributed 
over  the  brown,  dead  tissue. 

Conidiophores  30  to  42  by  3  to  4  fx,  brown,  in  dense  fascicles ;  conidia 
30  to  60  by  3  to  4  fi,  brown,  clavate,  several  septate.  (PI.  II,  fig.  3.) 
Both  leaf  surfaces  are  equally  attacked,  the  lower  leaves  being  most 
affected. 

Our  specimens  agree  with  C.  nepheloides  Ell.  and  Holw.  on  E. 
sileiiifoUunh  Salisb.  No  published  descriptions  of  this  species  have 
been  found,  and  the  determination  was  made  by  a  comparison  of  our 
specimens  with  one  issued  by  S.  B.  Parish  under  the  above  name, 
labeled  "  Santa  Barbara,  Cal.,  Sep.  '94." 

Specimen  collected:  Austin,  1556  (type  specimen). 

PERIWINKLE. 

Dodder   {Cuscuta  indecora  Choisy). — This  parasite  on  periwinkle 
{Vinca  rosea  Li.)  had  run  rampant  in  a  garden. 
Specimen  collected:  San  Antonio,  1663. 
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ROSE. 

Cane  canker  {C oniothyrium  fitckelii  Sacc). — On  the  rose  {Rosa 
spp.)  canes  or  stems  brown,  sunken  patches,  1  to  4  or  5  cm.  in  length, 
are  formed.  The  stem  may  be  girdled  as  the  filaments  extend 
through  the  cortex.  Sometimes  the  open  cankers  are  not  so  evident, 
the  fungus  being  more  diffuse.  The  pycnidia  are  formed  just  be- 
neath the  epidermis,  at  length  protruding. 

Specimens  collected :  Austin,  1282 ;  San  Antonio,  1384. 

Dodder  {Cuscuta  indecora  Choisy). — This  was  present  in  a  garden 
where  it  had  grown  on  several  other  hosts. 
Specimen  collected :  San  Antonio,  1374. 

Leaf -blotch  {Actinonema  rosae  (Lib.)  Fr.). — This  fungus  has  been 

observed  in  gardens  and  nurseries  and  produces  a  considerable  amount 

of  defoliation,  especially  in  the  nurseries. 

Specimens  collected :  Austin,  20,  379,  1278,  1919,  2939 ;  Victoria,  2336 ;  Stock- 
dale,  2640;  Falfurrias,  2463. 

Leaf -spot  {Cercospora  rosicola  Pass.). — The  spots  produced  by  this 

fungus  are  circular,  1  to  5  mm.  in  diameter,  with  a  pronounced  purple 

border  and  a  brown  or  grayish  center.     More  or  less  yellowing  of 

the  foliage  and  defoliation  occur  when  the  spots  are  abundant. 

Specimens  collected:  Austin,  371,  381,  1442;  Brenham,  1456;  Seguin,  2328; 
Georgetown.  2373;  Victoria,  2524;  Gonzales,  2687. 

Powdery  mildew  {Sphaerotheca  humuli  (DC.)  Burr,  and  S.  pan- 

nosa  (Wallr.)  Lev.). — The  first  of  these  is  the  greenhouse  form  and 

is  not  so  common  as  the  latter.     Early  in  the  summer  roses  are  very 

commonly  completelj^  defoliated  by  the  ravages  of  jS.  pannosa. 

Specimens  collected:  (1)  (/S.  humuli) — San  Antonio,  1370.  (2)  (S.  pan- 
nosa)—AvlbWh,  1275,  2940. 

Rust  {Phragmidium  disciflorum  (Tode)  James). — The  secial  stage 
was  so  abundantl}^  present  that  the  leaves  were  very  conspicuously 
chlorotic  above,  while  the  orange-colored  aeciospores  covered  the  lower 
surface. 

Specimens  collected :  Austin,  3119 ;  San  Antonio,  3181. 

STANDING  CYPRESS. 

Powdery  mildew  {Sphaerotheca  humuli  (DC.)  Burr.)  (?). — This 
mildew  was  very  abundant  in  one  locality  where  standing  cypress 
{Gilia  rubra  (L.)  Heller)  was  cultivated  in  large  beds.  The  lower 
leaves  were  attacked  first  and  many  were  completely  killed.  No  per- 
fect fruits  were  found.  The  mildew  showed  an  abundance  of  a  spe- 
cies of  Cicinnobolus. 

Specimens  collected:  Austin,  1309,  1437. 
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SWEET   ALYSSUM. 

Dodder  {Cuscuta  sp.?). — Sweet  alj^ssum  {Konia  maritima  (L.) 
R.  Br.)  infested  with  dodder  was  found  in  one  locality.   Not  flowering. 

Specimen  collected :  San  Antonio,  1372. 

SWEET  PEA. 

Dodder  {Cuscuta  indecoi^a  Choisy). — This  parasite  was  present  on 
the  SAveet  pea  {Lathyrus  odoratus  L.)  and  also  on  several  other  kinds 
of  plants  growing  near. 

Specimen  collected :  San  Antonio,  1375. 

VIOLET. 

Leaf -spot  {Alternaria  violae  Gall,  and  Dorsett). — This  disease 
occurs  on  the  leaves  of  the  violet  {Viola  odorata  L.),  commencing 
with  small  yellowish  spots.  The  spots  are  somewhat  circular,  1  to  5 
mm.  in  diameter,  and  become  yellowish  white  at  maturity.  They  fre- 
quently spread  so  that  large  areas  are  involved. 

Specimens  collected :  San  Antonio,  1383,  1662,  3180 ;  Uvalde,  1964. 

Leaf -spot  {C  ercospora  violae  Sacc). — Numerous  small  pale  spots  are 
formed  on  the  leaves.  They  vary  in  size  from  1  to  3  mm.,  and  are 
margined  by  a  zone  of  brown. 

Specimens  collected:  Beeville,  1856;  Austin,  1917;  Lockhart,  2131;  Seguin, 
2329 ;  Victoria,  2334,  2523 ;  Georgetown,  2372 ;  Ciiero,  2577 ;  Flatonia,  2739  ;  San 
Antonio,  3178. 

ZINNIA. 

Leaf -spot  {Cercospora  atricincta  Heald  and  Wolf,  32). — This  dis- 
ease on  the  leaves  of  the  zinnia  {Crassina  elegans  (Jacq.)  Kuntze)  is 
characterized  by  the  presence  of  irregular,  angular,  gray  spots  with  a 
brown  border.  When  the  spots  are  abundant  this  border  is  narrow 
and  the  spots  are  small,  1  to  2  mm.  in  diameter.  A^Hien  they  are  few 
they  may  be  4  mm.  in  diameter,  with  a  broad  marginal  zone  of  pur- 
plish or  dark  brown.  The  conidiophores  are  found  on  both  surfaces 
in  small  groups,  brown  in  color,  septate,  45  to  70  by  3.5  to  4.5  /x. 

The  conidia  are  dilute  brown,  many  septate,  clavate,  100  to  200 
by  4  to  4.5  ii.     (PI.  I,  fig.  4.) 

This  is  quite  common  in  gardens. 

Specimens  collected:  San  Antonio,  1381,  1660;  Victoria,  2506  (type  specimen). 
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DISEASES  OF  WILD  PLANTS. 
ARROW   LEAF. 

Leaf-spot  {Cercospora  sagittariae  Ell.  and  Kellerm.). — This  disease 
on  the  arrow  leaf  {Sagittaria  sp.)  is  characterized  by  the  presence  of 
grayish -brown,  circular,  or  subcircular  spots,  2  to  10  mm.  in  diameter, 
with  a  darker  border  and  exhibiting  more  or  less  concentric  zonation. 
In  some  cases  adjacent  foci  become  confluent,  thus  invohdng  larger 
areas  of  the  leaf.     Some  chlorosis  is  frequent  in  badly  affected  leaves. 

Conidiophores  on  both  surfaces,  in  clusters  of  2  to  5,  brown,  straight, 
continuous  or  one  septate,  6  by  60  jn;  spores  straight  or  curved,  taper- 
ing, club  shaped,  four  to  five  septate,  contents  homogeneous  or  dis- 
tinctly two  guttulate,  hyaline,  or  faintly  smoky,  120  to  140  by  5.5 
to  8  ii.     (PL  IV,  fig.  1.) 

Our  specimens  differ  from  C.  sagittariae  Ell.  and  Kellerm.  in  the 
size  of  the  spores,  which  are  recorded  as  60  to  80  by  3  to  4  /*  (15). 

Specimens  of  Sagittaria  land  folia  L.  are  affected  with  the  same 
Cercospora,  which  is  not  perfectly  developed,  since  the  spores  are 
50  to  80  hj  3.5  to  5  /x,  indistinctly  septate,  more  nearly  straight,  and 
hyaline.     The  general  s3'mptomatology  is  similar. 

Specimens  collected:  (1)  On  Sagittaria  lancifolia  L. — Collins's  Gardens,  San 
Antonio,  1386  (represents  young  infectious  with  immature  spores).  (2)  On 
S.  platyphijlla  (Engelman)  Sm. — New  Braunfels,  1676;  San  Antonio,  3164; 
San  Marcos,  2121  (shows  mostly  immature  spores  and  imperfectly  developed 
spots).     (3)  On  Sagittaria  sp.? — Lockhart,  20(54  (has  but  few  mature  spots). 

BLUEBONNET. 

Powdery  mildew  {Erysiphe  polygoni  DC). — The  stem,  leaves,  and 
pods  of  the  bluebonnet  {Lupimis  texensis  Hook.)  are  covered  by  the 
powdery  white  network  of  fungous  filaments.  Affected  plants  are 
paler  green,  with  yellow-margined  leaves,  some  of  which  are  dry. 

Specimen  collected :  Austin,  3126. 

BLUET. 

Rust  {Aecidium  olderdandianum  Ell.  and  Tracy). — The  affected 
leaves  of  the  bluet  {Houstonia  angustijolia  Michx.)  show  consider- 
able chlorosis.  Nearly  all  leaves  are  attacked,  so  that  affected  plants 
are  rendered  conspicuous  by  their  yellow  color.  The  yellowish  clus- 
ter cups  containing  the  orange-colored  seciospores  open  to  the  lower 
surface  of  the  leaves. 

Specimens  collected:  Austin,  2947,  2951. 

BOERHAVIA. 

White-rust  {Albugo  platensis  (Speg.)  Swingle). — Blisterlike  ele- 
vations, each  of  which  contains  a  white,  powdery  mass  of  spores,  are 
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formed  on  the  upper  surface  of  the  leaf  of  the  Boerhavia  (Boerhavia 
spp.).  This  disease  is  very  widely  distributed,  but  apparently  causes 
little  injury. 

Specimens  collected:  San  Antonio,  1371,  3175;  New  Braunfels,  1697;  Bas- 
trop, 2033;  Lockhart,  2075;  CotuUa,  2135;  Seguin,  2318;  Victoria,  2527;  Nur- 
sery, 2574;  Cuero,  25i)0;  Stockdale,  2G0S;  Gonzales,  2GSG;  Kennedy,  2832. 

BROOMWEED. 

Rust  {Aecidium  chrysopsidis  Ell.  and  Anders.). — On  the  stems 
and  leaves  (much  more  abundantly  on  the  stems)  of  the  broomweed 
{Gutierrezia  texana  (DC.)  Torr.  and  Gray)  are  whitish  or  yellowish 
pustules,  the  cluster  cups.  They  form  in  such  numbers  on  the  main 
stems  and  branches  that  these  parts  become  brown  and  are  killed. 

This  rust  has  been  described  (13)  as  occurring  on  Gutierrezia  eu- 
thamia  Torr.  and  Gray  and  is  probably  the  same  as  the  one  on  this 
species,  although  no  note  of  the  fact  has  been  found. 

Specimens  collected:  Victoria,  2538;  Gonzales,  2679. 

BULL  NETTLE. 

leaf -spot  {Septoria  jatropliae  Heald  and  Wolf,  32). — This  causes 
the  formation  of  very  characteristic,  brown,  circular  areas  on  the 
leaves  of  the  bull  nettle  {Jatropha  stimulosa  Michx.).  These  spots 
vary  in  size  from  1  to  5  mm.  and  are  frequently  somewhat  irregular 
in  outline.  At  first  they  are  dark  brown  with  a  darker,  almost  black, 
border.  Later  the  centers  become  tan  and  sometimes  gray,  but 
always  with  a  definite  dark  margin.  The  pycnidia  are  120  to  150  /i, 
brown  and  immersed  wholly  in  the  leaf  tissues.  The  spores  are  rod 
shaped  or  slightly  clavate,  hyaline,  40  to  50  by  3  /x  and  few  septate. 

The  spots  frequently  are  so  abundant  that  they  fuse,  causing  the 
drying  of  large  portions  of  the  leaf. 

Specimen  collected:  Austin,  2429   (type  specimen). 

CAROLINA  CL0\rER. 

Rust  {Vromyces  elegmis  B.  and  C). — The  minute  brown  sori 
appear  abundantly  on  the  lower  surface  of  the  leaflets  of  Carolina 
clover  {Trifolium  caroUnianum  Michx.). 

Specimen  collected :  Austin,  3060. 

COCKLEBUR. 

Leaf-spot  ( Cercospora  xanthicola  Heald  and  Wolf,  32. )  — This  fungus 
produces  upon  the  leaves  of  the  cocklebur  {Xanthium  spp.)  numerous 
circular  or  subcircular  spots,  0.5  to  2  mm.  (1  mm.  average  size)  in 
diameter,  with  dirty-gray  or  brownish  centers  surrounded  by  a  nar- 
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row  darker  border.  The  number  of  infections  on  a  single  leaf  may 
reach  as  high  as  400  to  600,  in  which  case  the  leaf  shows  more  or  less 
chlorosis,  but  frequently  the  spots  are  less  numerous  and  the  leaf 
shows  little  or  no  deviation  from  the  normal  color. 

Conidiophores  amphigenous,  fascicles  of  3  to  8,  hyaline  tipped, 
irregular-nodose  for  two-thirds  the  length,  continuous  or  rarely 
septate,  3  to  3.5  by  60  to  100  fi.  Spores  105  to  135  by  3  /u  and  reaching 
the  length  of  245  /x  in  some  cases,  very  slender  club  shaped,  tapering 
gradually  from  the  base,  generally  somewhat  curved,  hyaline,  and 
obscurely  septate  except  in  the  basal  portion.     (PI.  II,  fig.  4.) 

Specimens  collected:  Luling,  2236;  Georgetown,  23S3  (type  specimen);  Nur- 
sery, 2567;  Cuero,  25S8 ;  Gonzales,  2705;  Yoakum.  2755;  Hallettsville,  2790; 
Kennedy,  2836;  Austin,  2871. 

Rust  {Puccinia  xanthi  S.). — The  rust  of  the  cocklebur  is  very  com- 
mon, producing  numerous  circular  or  slightly  irregular  spots  on  the 
leaves  (minute  to  1  cm.  in  diameter),  pale  yellow  and  sunken  on  the 
upper  surface,  dark  brown  with  narrow  yellow  border  on  the  under 
surface,  and  somewhat  hypertrophied.  Old  spots  frequently  show 
gray  centers  on  the  under  surface. 

Specimens  collected:  Austin,  1413,  1545;  Beeville,  1800;  Lockbart,  2065;  San 
Marcos,  2088;  Hondo,  2251;  Luling.  2241;  Seguin,  2302;  Georgetown.  2381; 
Victoria,  2343 ;  Gonzales,  2664 ;  Kennedy,  2822 ;  Floresville,  2849. 

CONVOLVULUS. 

White-rust  {Alhugo  ipomoeae-panduranae  (S.)  Swingle). — The 
white,  blisterlike  spots  on  the  convolvulus  {Convolvulus  herinanioides 
(jV2ij)  were  present  on  all  parts  of  the  plant.  This  disease  is  not 
recorded  (51)  as  occurring  on  this  species. 

Specimens  collected:  Austin,  311,  814.  1265. 

CORAL    BEAD. 

Leaf -spot  ( Cereospora  menispermi  Ell.  and  Holw. ) . — On  the  foliage 
of  this  climbing  vine  {Cehatha  Carolina  (L.)  Britton)  very  abundant 
dark-brown  spots  are  present,  2  to  5  mm.  in  diameter.  The  margin  of 
the  spot  pales  out  from  a  raised  border  which  is  almost  black.  With 
age  the  centers  of  the  diseased  areas  become  grayish.  The  spores  are 
generally  clavate,  sometimes  cylindrical,  from  30  to  60  by  5  to  6  /n, 
brown,  three  to  five  septate. 

No  defoliation  results. 

Specimens  collected:  Sabinal.  1987;  Bastrop.  2036;  San  Marcos,  2089;  Luling, 
2230 ;  Seguin,  2313 ;  Round  Rock,  2409 ;  Gonzales,  2681 ;  Floresville,  2846. 

crane's-bill. 

Downy  mildew  {Rhysotheca  geranii  (Pk.)  Wilson). — Very  con- 
spicuous, definite,  downy,  wliite  areas  are  formed  on  the  lower  sur- 
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face  of  the  leaves  of  the  crane's-bill   {Geranium  carolinianum  L.). 
They  may  be  small  and  isolated  or  may  involve  the  entire  surface. 
In   the   earlier   stages   the   upper  surface  of   the   foliage  becomes 
yellow,  but  finally  the  entire  leaf  becomes  dead  and  dry. 
Specimen  collected :  Austin,  2938. 

CROTON. 

Dodder  {Cuscuta  indecora  Choisy). — This  was  very  abundant  on 
the  plants  of  croton  {Croton  spp.)  in  a  single  locality. 
Specimen  collected :  San  Antonio,  1373. 

Rust  {Buhakia  crotonls  (Cke.)  Arth.). — In  this  species  of  rust  the 
sori  are  very  abundant.  In  the  majority  of  specimens  collected  the 
uredinia  are  more  abundant  than  the  telia.  In  some  the  telia  are 
much  more  abundant  than  the  uredinia,  and  occur  on  both  surfaces 
of  the  leaves  and  on  the  petioles  and  stems.  The  telia  on  the  leaves 
are  black,  swollen  cushions,  still  covered  by  the  epidermis,  0.5  to  1 
mm.  in  diameter  and  very  abundant,  causing  the  edges  of  the  leaf 
blade  to  roll  upward  and  inward.  The  telia  on  the  stems  may  be 
similar  in  size  to  those  on  the  leaf  surfaces,  but  they  are  generally 
much  larger  and  may  form  elongated  cushions  3  to  10  mm.  in 
length,  which  are  confined  to  one  side  of  the  stem  or  completely 
encircle  it.  ^\^len  uredinia  only  are  present  the  leaves  may  also  be 
curled  and  rolled,  and  the  sori  are  frequently  surrounded  by  a  nar- 
.row  zone  of  yellow.  Our  collections  represent  various  other  species 
of  Croton  in  addition  to  C.  texensis  (Kl.)  Muell.  Arg. 

Specimens  collected :  Luling,  2258 ;  Georgetown,  2380 ;  Round  Rock,  2418 ; 
Falfurrias,  2442,  2489;  Victoria,  2526:  Cuero,  2582;  Stockdale,  2647;  Flatonia, 
2736 ;  Yoakum,  2757 ;  Skidmore,  2817 ;  Austin,  2907-  All  except  2907  represent 
uredinia  only. 

CROWNBEARD. 

leaf -spot  {Cercospora  fulvella  Heald  and  Wolf,  32). — This  disease 
on  the  crownbeard  {Verhesina  texana  Buckl.)  is  characterized  by 
the  presence  of  irregidar,  yellowish-brown  areas,  5  to  10  mm.  in 
diameter,  which  sometimes  become  confluent,  causing  the  death  of 
larger  areas.  The  color  is  more  dilute  and  the  spots  less  definite  on 
the  under  surface.  The  conidiophores  are  epiphyllous  or  sometimes 
amphigenous,  fasciculate,  brown,  septate,  45  to  150  by  4  to  5  ju ;  spores 
clavate,  straiglit,  dilutedly  colored,  40  to  60  by  4  to  5  fi,  three  to  four 
septate.     (PI.  Ill,  fig.  7.) 

Specimen  collected:  Austin,  406  (type  specimen). 

Leaf -spot  {Phyllosticta  verbesinae  Heald  and  Wolf,  32). — This 
fungus  produces  numerous  gray  or  whitish  subcircular  spots,  1  to  3 
mm.  in  diameter  and  surrounded  by  an  indefinite  darker  zone  which 
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fades  out  into  the  green.  The  pycnidia  are  numerous,  epiphyllous, 
36  to  45  n  in  diameter;  the  spores  are  oval  or  elliptical,  4  to  6  by 
2.5  to  3  jtx. 

Specimen  collected:  Seguin,  2310  (type  specimen). 

Rust  {Puccinia  cognata  Syd.).— Punctiform  telia  and  uredinia  are 
produced  upon  the  under  surface  of  the  leaves.    Common. 

Specimens  collected :  Austin,  178,  346,  361. 

DAYTLGWER. 

Rust  {Uromyces  spegazzinii  (DeT.)  Kern.  nov.  comb.).— Observed 
in  only  one  locality,  where  it  was  very  abundant  on  the  dayflower 
[Commelina  virginica  L.). 

Specimen  collected:  Austin,  232. 

DOCK. 

Dodder  {Cuscuta  indecom  Choisy).— Observed  on  dock  {Rum£x 
herlandieri  Meisn.)  in  a  low,  moist  field,  where  it  had  grown  over 
other  plants. 

Specimen  collected:  San  Antonio,  1776. 

EA^ENING  PRIMROSE. 

Powdery  mildew  {Erysiphe  yolygoni  DC.).— Found  on  the  evening 
primrose  {Oenothera  laciniata  Hill)  in  only  a  single  locality. 
Specimen  collected:  Austin,  1051. 

EUPHORBIA. 

Rust  {Uromyces  euphorbiae  Cke.  and  Pk.).— The  rust  is  vei*y  com- 
mon on  the  euphorbias  {Euphorbia  spp.)  of  this  section,  forming  on 
the  leaves  very  abundant  brown,  circular  pustules. 

Specimens  collected :  San  Antonio,  1397,  3174 ;  Austin,  1420,  1908,  3102 ;  Lock- 
hart,  2077. 

FALSE  DANDELION. 

Rust  {Puccinia.  pyrrhopappi  Syd.).— The  sori  are  produced  pro- 
fusely on  the  stems,  leaves,  and  involucres  of  the  false  dandelion 
{Sitilias  midticardis  (DC.)  Greene).  This  rust  was  observed  to  be 
exceed indv  abundant  in  and  about  Austin,  where  it  caused  the  death 
of  the  plants. 

Specimens  collected :  Austin,  1073,  1264.  2948,  3061 ;  Hempstead.  1515. 

^IRE^^^^ED. 

Leaf -spot  {Cercospora  vernoniae  Ell.  and  Kellerm.).— This  fungus 
on  the  fireweed  {Vemonia  spp.)  produces  irregular,  rounded,  or  angu- 
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]ar  spots,  2  to  5  mm.  in  diameter,  brown  or  grayish  in  color,  with  a 
slightly  darker  border,  frequently  surrounded  by  a  zone  of  yellow. 
Sometimes  the  spots  become  confluent,  causing  the  death  of  the  leaves. 

Specimens  collected:  Austin,  1558;  Seguiu,  2324;  Georgetown,  2378. 

Rust  {Coleosporimn  vernoniae  B.  and  C). — Minute  yellow  pustules 
are  very  abundant  on  the  lower  surface  of  the  leaves  and  cause  a 
yellow,  punctate  appearance  of  the  upper  surface. 

Specimen  collected :  Austin,  345. 

FLEABANE. 

Leaf -spot  {Septoria  engerontea  Pk.). — This  disease  on  the  fleabane 
{Erigeron  canadensis  L.)  appears  as  distinct  spots,  1  to  2  mm.  in 
diameter,  with  a  grayish  center  and  brown  border  on  the  leaves,  most 
abundantly  on  the  lowermost.  The  black  pycnidia  show  very  plainly 
in  the  grayish  center.  The  spores  are  24  to  78  /x  in  length,  which  is  in 
excess  of  the  original  description  (39). 

Specimen  collected :  Austin,  3033. 

GAURA. 

Rust  {Uromyces  gaurinus  (Pk.)  Long.). — The  cluster  cups  on 
gaura  {Gaura  coccincaVwYsh.)  appear  on  both  surfaces  of  the  leaves 
and  are  so  numerous  that  the  leaves  are  destroyed. 

Specimens  collected  :  Austin,  2945,  3000. 

GIANT  RAGWEED. 

Dodder  {Cuscuta  indecora  (?)  Choisy). — Found  in  only  a  single 
locality,  where  it  was  growing  abundantly  on  the  giant  ragweed 
{Ambrosia  tri-flda  L.),  as  well  as  several  other  hosts. 

Specimen  collected :  San  Antonio,  1777. 

Powdery  mildew  {Erysiphe  cichoracearum  DC). — The  collections 
of  this  fungus  include  only  conidiospore  specimens. 

Specimens  collected :  San  Marcos,  949 ;  San  Antonio,  3155. 

Rust  {Puccinia  xanthi  S.  var.  ambrosiae  B.  and  Rav.). — This 
variety  is  quite  similar  to  the  rust  on  the  cocklebur,  but  the  sori  are 
more  abundant  and  generally  smaller. 

Specimen  collected:  Austin,  1415. 

GOLDENROD. 

Leaf -spot  {Cercosporella  reticulata  Pk.). — Numerous  brown  spots 
with  indefinite  margins  appear  on  the  leaves  of  the  goldenrod  {Soli- 
dago  spp.).  The  spots  are  often  confluent  and  the  leaf  tips  may  be- 
come brown,  the  tissue  adjacent  to  the  areas  being  killed. 

Specimen  collected:  Elgin,  2007. 
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GROUND-CHERRY. 

Leaf -spot  {Cercospora  physaUcola  Ell.  and  Barthol.).— This  fimgus 
on  the  ground-cherry  {Phy sails  sp.)  produces  circular  brown  spots  3 
to  10  nini.  in  diameter,  which  show  a  marked  concentric  zonation.  It 
was  found  on  only  the  lower  leaves  which  were  more  or  less  shaded. 

Conidiophores  amphigenous,  few  in  each  cluster,  130  to  150  by  5  ^, 
several  septate.  Spores  60  to  130  ix  or  reaching  188  by  4  to  5  /*,  five  to 
many  septate,  nearly  hyaline.     (PI.  IV,  fig.  5.) 

Our  specimens  differ  from  the  type  in  having  longer  conidio- 
phores, amphigenous  instead  of  epiphyllous,  septate  instead  of  con- 
tinuous, and  larger,  more  numerously  septate  spores. 

Specimeu  collected:  New  Braunfels,  1715. 

HORSE  NETTLE. 

leaf-spot  {Cercosipora  atro-marginalis  Atk.). — This  disease  appears 
on  the  leaves  of  the  horse  nettle  {Solanum  carolinense  L.)  as  circular 
or  somewhat  angular  dark-brown  spots  from  3  to  5  mm.  in  diameter. 
These  spots  frequently  a:re  concentrically  zonate,  with  a  dark  margin. 
The  conidiophores  are  densely  fascicled  and  show  as  brown  heaps 
when  aggregated. 

Specimen  collected:  Gonzales,  2667. 

HYDROCOTYLE. 

leaf -spot  {Cercos'pora  hydrocotyles  Ell.  and  Ev.). — Very  numerous 
reddish-brown  spots  are  produced  on  the  leaves  of  hydrocotyle  {Hy- 
drocotyle  spp.).  They  are  circular  or  slightly  angular,  and  1  to  3 
mm.,  mostly  2  mm.,  in  diameter.  The  leaf  tissue  between  the  spots  is 
at  first  yellow,  turning  brown,  with  the  fungous  foci  darker.  The 
conidia  vary  from  30  to  80  by  3  to  3.5  /x,  exceeding  the  size  given  in 
the  original  description  (16),  which  measurement  is  30  to  40  by  3  ii. 

Specimens  collected:  On  H.umhcUata  L.— Von  Ormy,1117;  San  Antonio,  3165. 
On  H.  vertmUata  Nutt. — Georgetown,  2384. 

Rust  {Puccinia  hydrocotyles  (Lk.)  Cke.). — The  rust  appears  on 
the  leaves  of  //.  umbellata  as  minute  circular  brown  pustules,  often  so 
closely  clustered  as  to  give  the  leaves  a  brown  color  and  cause  their 
death. 

Specimen  collected :  On  H.  umbellata  L. — Von  Ormy,  1117. 

INDIAN   MALLOW. 

Rust  {Puccinia  heterospora  B.  and  C). — This  rust  on  the  Indian 
mallow  {Ahutilon  texense  T.  and  G.)  produces  circular  telia  0.5  to  3 
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mm.  in  diameter  on  the  lower  surface  and  punctiform  telia  above. 
Old  or  mature  telia;  generally  show  a  gray  center. 

Specimens  collected :  Austin,  24,  1421,  2884,  3113 ;  San  Antonio,  3160. 

INDIGO   PLANT. 

Dodder   {Cuscuta  sp.).— The  dodder  was  observed  on  the  indigo 
plant  {Indigofera  leptosepala  Nutt.)  in  only  a  single  locality. 
Specimen  collected:  Boerne,  1639. 

KNOTWEED. 

Leaf -spot  {Cercospora  polygonacea  Ell.  and  Ev.). — This  disease  on 
the  knotweed  {Polygomim  spp.)  appears  as  suborbicular  spots,  2  to  3 
mm.  in  diameter,  reddish  brown  above  with  a  darker,  raised  margin 
and  a  dark  zone  of  tissue  beyond  the  elevated  border.  Areas  become 
brown  below  and  adjacent  tissue  becomes  yellow. 

Specimen  collected:  Cuero,  2586. 

Powdery  mildew  {Erysiphe  polygoni  DC). — Both  leaf  surfaces 
have  a  white,  felty  covering,  due  to  the  interlacing  mycelium  and  the 
summer  spores. 

Specimens  collected :  San  Marcos,  943 ;  San  Antonio,  1363,  3173 ;  Austin,  3116. 

Rust  {Puccinia  polygoni-amphihii  P.).— The  minute  reddish-brown 
sori  open  to  the  under  surface.  Frequently  they  cause  chlorosis  and 
death  of  the  leaves. 

Specimen  collected:  San  Marcos,  942. 

MALLOW. 

leaf-spot  (Cercospora  malachrae  Heald  and  Wolf,  32). —Circular or 
subcircular  spots  are  produced  upon  the  leaves  of  the  mallow  {Ma- 
lachra  capitata  L.) .  They  are  1  to  4  mm.  in  diameter,  with  yellowish- 
gray  centers  on  which  the  conidial  tufts  are  evident,  surrounded  by 
a  dark-purple  border.  The  spots  are  slightly  less  pronounced  upon 
the  under  surface. 

The  conidiophores  are  amphigenous,  in  fascicles  of  few  to  a  dozen, 
brown  with  slightly  paler  tips,  nodose  extremities,  90  to  120  by  4  to 
5  /i,  and  several  septate;  conidia  clavate,  hyaline,  slender  pointed, 
100  to  210  by  4  to  5  /a,  many  septate.  (PI.  IV,  fig.  3.)  This  species 
of  Cercospora  seems  to  be  distinct  from  the  many  described  for  dif- 
ferent species  of  the  Mallow  family.  It  agrees  most  nearly  with 
C.  polymorpha  Bubak. 

Specimen  collected:  Victoria,  2347   (type  specimen), 
100833°— Bull.  226—12 7 
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MINT. 

Powdery  mildew  {Erysiphe  galeopsidis  DC.)- — Only  the  conidial 
stage  of  this  mildew  was  observed  on  mint  {Stachys  drummondii 
Benth.). 

Specimen  collected :  San  Marcos,  947. 

MORNING-GLORY. 

Leaf -spot  {Phyllosticta  ipomoeae  Ell.  and  Kellerm.). — The  leaves  of 
the  morning-glory  {Ipomoca  spp.)  develop  conspicuous  brown  spots 
with  a  narrow  dark  margin.  They  are  suborbicular  and  about  4  mm. 
in  diameter,  becoming  grayish  with  age.  A  few  black  pycnidia  are 
embedded  in  these  areas. 

Specimens  collected :  Austin,  378 ;  Seguin,  2316 ;  Victoria,  2507. 

Rust  {Puccinia  cassipes  B.  and  C). — Both  the  cluster  cups  and 
teleutospores  are  abundantly  present,  often  on  the  same  leaves  or 
stems. 

Specimens  collected :  Austin,  192,  198,  330 ;  San  Marcos,  2105 ;  Victoria,  2345, 
2346;  Flatonia,  2724. 

White-rust  {Albugo  ipomoeae-panduranae  (S.)  Swingle). — A^Tiite, 
blisterlike  elevations  are  formed  on  the  leaves  and  stems.  When  suffi- 
ciently abundant  the  foliage  is  apparently  uniformly  white.  (PI. 
XVIII,  fig.  1.) 

This  trouble  is  very  generally  distributed.  The  wild  morning- 
glories  are  common  weeds  in  the  cultivated  fields  and  are  affected  by 
the  same  white  rust  which  attacks  sweet  potatoes. 

Specimens  collected:  Austin,  120.  420,  1305,  1306;  New  Braunfels,  1671; 
Sabinal,  1979;  Lockhart,  2071;  Seguin,  2296;  San  Marcos.  2093;  Georgetown, 
2369;  Round  Rock,  2415;  Elgin,  1879;  Flatonia,  2725;  Stockdale,  2623;  Gonzales, 
2693 ;  San  Antonio,  3167. 

MUSTARD. 

White-rust  {Albugo  Candida  (P.)  Rouss.). — The  characteristic 
white,  blisterlike  heaps  of  conidia  occur  on  both  surfaces  of  the 
leaves  of  mustard  {Brassica  nigra  (L.)  Koch.),  causing  them  to 
become  yellow  and  dry. 

Specimen  collected :  Austin,  3072. 

NYMPHAEA. 

Leaf-spot  {Phyllosticta  orontii  Ell.  and  Martin).— The  diseased 
areas  on  Xymphaca  advena  Soland  are  straw  colored  and  several 
centimeters  in  length,  generally  elongated  in  the  direction  of  the 
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reins,  and  concentrically  zonate.     The  lines  marking  the  zones  are 
slightly  elevated  and  darker. 

Specimens  collected:  Georgetown,  2385;  Von  Ormy,  1162. 

PARTHENIUM. 

Rust  {Puccinia  xanthi  S.  var.  ambrosiae  B.  and  Rav.). — The  sori, 
produced  on  the  lower  surface  of  parthenium  {ParflieAiiuin  hyi^ter- 
ophoj'vs  L.),  arc  characteristically  brown  and  aggregated  in  circular 
patches.  The  spots  shoAV  a  yellowish-brown  coloration  on  the  upper 
surface. 

Specimen  collected:  Kennedy,  2838. 

PEPPERGRASS. 

Downy  mildew  (Peronospora parasitica  (P.)  DeBy.). — This  fungus 
on  the  peppergrass  {Lepidium  virginicum  L.)  causes  the  under  sur- 
face of  the  leaves  to  appear  downy  white  in  small  spots  or  extended 
areas,  while  the  upper  surface  of  the  diseased  spots  is  pale  yellow. 

Specimen  collected :  Austin,  2952. 

PIGWEED. 

Leaf -spot  {Cercospora  hrachiata  Ell.  and  Ev.). — The  spots  on  the 
pigweed  {Amaranthvs  spp.)  are  first  dark  brown,  becoming  grayish 
brown,  subcircular  or  irregularly  rounded,  3  to  5  mm.  in  diameter. 
They  become  very  abundant,  causing  the  leaves  to  curl  and  dry. 

Specimen  collected:  On  A.  spinosu^  L. — Kennedy,  2827. 

White-rust  {Albugo  bliti  (Biv.)  Kuntze). — The  formation  of  the 
white  pustules  on  the  under  surface  of  the  leaves  marks  the  presence 
of  this  fungus. 

Specimens  collected:  (1)  On  A.  albus  L. — Austin,  376.  (2)  On  A.  retroflexns 
L.— Austin,  1315;  San  Marcos,  2092;  Uvalde,  1935;  Lullng.  2229;  Victoria,  2516: 
Stockdale,  2635;  San  Antonio,  3179.  (3)  On  A.  spinosus  L. — Llano,  1760;  Lock- 
hart,  2059;  Falfurrias,  2448. 

POKEWEED. 

Leaf -spot  {Cercospora  fagellaris  Ell.  and  Martin). — Circular  or 
slightly  irregular  brown  spots  2  to  5  mm.  in  diameter  appear  on  the 
foliage  of  the  pokeweed  {Phytolacca  amencana  L.).  The  spots  have 
a  dark-brown,  elevated  border  and  they  become  grayish  when  older. 
Frequentl}'  they  are  abundantly  formed  on  the  leaf  tips,  resulting  in 
the  drying  of  the  affected  portions.  In  some  localities  affected  plants 
were  completely  defoliated  and  dead. 

Specimens   collected :   Austin,   336 ;    Brenham,   1458 ;    New    Braunfels,   1722 : 
Elgin,  1885;  Bastrop,  2025;   San  Marcos,  2115;  Cuero,  2603:  Stockdale,  2622; 
Gonzales,  2696 ;  Flatonia,  2744 ;  Yoakum.  2769. 
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PRICKLY   PEAR. 

Anthracnose  (Gloeosporiumsip.). — The  prickly  pears  {Optintia&pp.) 
of  this  region  are  frequently  attacked  by  this  fungus,  which  produces 
generally  circular  or  subcircular  depressed  areas,  with  grayish  cen- 
ters densely  covered  with  minute  black  acervuli  which  become  less 
abundant  toward  the  periphery,  which  is  limited  by  a  zone  of  brown. 
The  spots  are  most  commonly  1.5  to  2.5  cm.  in  diameter,  but  they 
may  be  much  larger  in  some  cases.  The  isolated  spots  may  coalesce 
and  cause  the  complete  death  of  a  stem  segment.  The  diseased  area 
always  extends  completely  through  the  stem  segment,  and  the  old 
dead  tissue  may  persist  or  it  may  fall  out.  In  all  cases  of  spots  of 
the  average  size  mentioned  the  advance  of  the  fungus  is  limited  by 
a  development  of  corky  tissue  at  the  periphery  of  the  area.  This 
same  fungus  produces  on  young  fronds,  under  favorable  conditions 
of  temperature  and  moisture,  a  severe  rotting,  and  the  fimgus  may 
advance  through  an  entire  segment  in  a  few  days,  starting  from  a 
single  center  of  infection,  and  thus  leave  the  segment  brown  and  com- 
pletely dead.  In  this  stage  an  abundance  of  pale  acervuli  is  gener- 
ally produced  at  the  center  of  the  infected  area.  In  such  cases  the 
frond  is  chlorotic  some  distance  beyond  the  advance  of  the  fungus, 
and  there  is  frequently  a  marked  gummy  exudation  from  the  spot. 

Specimens  collected:  Austin,  562;  Llano,  1773;  Hondo.  2252;  Georgetown, 
2393;  Round  Rock,  2406. 

Black-spot  {Perisporium  wrightn  B.  and  C). — This  fungus  pro- 
duces superficial  black  spots,  generally  circular  in  outline  and  5  mm. 
to  1  cm.  in  diameter,  on  the  stem  segments.  They  may  be  few  in 
number,  or  they  may  be  sufficiently  abundant  to  coalesce  and  nearly 
cover  the  surface.  The  black  color  is  due  to  the  large  numbers  of 
spore  fruits  or  perithecia.  No  instances  have  been  observed  where 
the  fungus  was  causing  any  material  injury. 

Specimens  collected :  Austin,  1293 ;  Elgin.  1875 ;  Round  Rock,  2408. 

Scald  {Hendersonia  (?)  opitntlae  Ell.  and  Ev.). — Probably  the 
most  general  and  the  most  severe  disease  of  the  prickly  pear  is  what 
is  popularly  called  "  sun  scald  "  in  this  territory.  The  whole  sur- 
face of  the  older  fronds  becomes  covered  with  a  yellowish-brown, 
scaly  growth  of  a  corky  character.  In  this  scaly  growth  may  be  seen 
numerous  minute  black  specks,  the  fruits  of  the  fungus.  Large 
plants  may  bo  killed,  but  the  fungus  remains  superficial  and  the 
injurious  effect  is  apparently  due  to  the  corky  covering  which  cuts 
off  the  light  in  part  and  prevents  the  aeration  of  the  underlying 
tissue.  The  network  of  dark-brown  fungous  filaments  may  be  found 
just  beneath  the  epidermal  layer  and  also  to  some  extent  deeper  down 
iind  inclocod  in  the  corky  layers. 
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The  pycnidia  are  produced  at  the  openings  of  the  stomatal  chim- 
neys, and  an  aggregate  of  hyphoe  generally  closes  the  opening. 
The  spores  are  pale  brown,  straight  or  slightly  curved,  two  to  three 
septate,  and  25  to  30  by  3  /i. 

A  species  of  Khabdospora  may  sometimes  be  associated  with  the 
trouble,  but  it  is  apparently  of  secondary  importance. 

Specimens  collected :  Austin :  Falfurrias,  2467 :  Itonnd  Rock.  2407. 

PURSLANE. 

White-rust  {Albugo  portulacae  (DC.)  Kuntze). — This  species  of 
white-rust  has  been  found  on  two  different  species  of  Portulaca. 

Specimens  collected:  (1)  On  Portulaca  oleracea  L. — Beeville,  1811;  Bastrop, 
2028;  Luling,  2248;  Cuero,  25S5;  Stockdale,  2632.  (2)  On  Portulaca  lanceolata 
Eng.— Falfurrias,  2439. 

RAIN    LILY. 

Rust  {Pibcdnia  cooperiae  Long) . — On  the  leaves  of  the  small  rain 
lily  {Cooperia  drummoTulii  Herb.)  are  formed  oval  or  elliptical 
brown  sori,  often  very  abundantly  aggregated. 

Specimen  collected:  Austin,  493. 

RIVINA. 

Leaf -spot  {Cercospora  flagellaris  Ell.  and  Martin). — The  general 
symptomatology  of  this  disease  on  Rivina  laevis  L.  is  the  same  as  the 
leaf -spot  of  the  poke  weed  (p.  99).  Since  it  also  agrees  in  size  of 
conidiophores  and  conidia,  it  is  very  probably  the  same  fungus,  the 
hosts  being  related. 

Specimens  collected:  Austin,  303,  1419. 

RUELLIA. 

Rust  {Puccinia  ruelliae  (B.  and  Br.)  Lagerh.). — On  Ruellia  tuhe- 
rosa  L.  an  abundance  of  sori  are  produced,  punctiform  to  1  mm.  in 
diameter,  mostly  upon  the  upper  surface  of  the  leaves. 

Specimens  collected :  Austin,  34,  412.  439 ;  Beeville,  1797. 

SAGE. 

Rust  {Puccinia  farinacea  Long). — Minute,  rounded,  brown  sori 
are  formed  on  the  upper  surface  of  the  leaves  of  sage  {Salvia 
farinacea  L.). 

Specimen  collected:  Austin,  349. 

SENNA. 

Leaf -spot  {Ramularia  cassiaecola  Heald  and  Wolf.  Syn. — Cerco- 
spora occidentalis  Ell.  and  Kellerm.) — This  fimgus  on  senna  {Cassia 
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sp.)  first  forms  diffuse  brown  spots,  circular,  indefinitely  margined, 
1  to  5  mm.  in  diameter,  and  frequently  bordered  by  a  zone  of  yellow. 

In  severe  infections  the  entire  leaflet  may  turn  yellow,  with  the 
exception  of  the  brown  spots  on  which  the  fungus  is  located. 

The  conidiophores  are  amphigenous,  but  more  abundant  on  the 
under  surface,  closely  fasciculate,  brown,  continuous  except  in  the 
aggregated  basal  portion,  and  24  to  30  by  3  to  4.5  /x;  the  spores  are 
45  to  150  by  3  to  5  n,  olivaceous,  nearly  cylindrical,  1  to  5  septate, 
and  when  mature  frequently  guttulate.     (PI.  V,  fig.  2.) 

An  examination  of  Eavenel's  specimens  of  Cercospora  occiden- 
talis  and  also  of  Ellis's  collections  of  this  species  shows  that  they 
should  have  been  referred  to  the  genus  Ramularia.  Since  there  is 
already  a  valid  R.  occidentalism  the  specific  name  can  not  be  retained. 

Specimens  collected:  On  Cassia  occidentaUs  L.— Beeville.  1868;  Cuero.  2580; 
Stockdale,  2611;  Yoakum,  2750;  Hallettsville,  2773. 

Rust    {Ravenelia  longiana  Syd.). — The  sori   are    formed   on   the 

lower  surface  of  the  leaves. 

Specimen  collected :  On  Cassia  roemeriana  Scheele — Llano,  1751. 

SMILAX. 

leai-spot  {Cercospora  smilacina  Sacc). — This  is  the  most  com- 
mon leaf  disease  of  the  smilax  {Smilax  hona-nox  L.).  The  foliage 
becomes  thickly  spotted  with  subcircular,  reddish  areas,  with  brown 
margins. 

Specimens  collected  :  New  Braunfels,  1702 ;  Llano,  1748 ;  Elgin.  1876 ;  Uvalde, 
1929;  Bastrop,  2037;  Lockhart,  2063;  Cotulla,  2179;  Luling,  2226;  Seguin, 
2305;  Georgetown,  2398;  Round  Rock,  2416:  Gonzales,  2704;  Flatonia,  2743; 
Yoakum,  2762;  Hallettsville,  2792. 

leaf -spot  {Phyllosticta  smilacis  Ell.  and  Ev.). — The  diseased  areas 
are  conspicuously  reddish  brown  or  brown,  circular  or  subcircular, 
and  vary  from  2  to  8  mm.  in  diameter.  They  have  a  very  pronounced 
dark-brown  border.  The  black,  immersed  pycnidia,  150  ii  in  diame- 
ter, are  either  scattered  or  peripheral  and  on  both  surfaces.  Gen- 
erally, however,  they  are  on  only  one  surface  of  a  given  spot.  The 
spores  are  nearly  spherical  or  slightly  elongated,  clear,  granular,  10 
to  14  by  7  to  9  /*.  The  spores  in  our  specimens  are  smaller  than  in 
the  type  (15  to  20  by  7  to  9  ju) . 

Specimens  collected:  Austin,  360;  Boerne.  1656;  Round  Rock,  2412,  2413; 
Hallettsville,  2789. 

Rust  {Puccinia  smilacis  S.). — ^The  upper  surface  of  the  leaf  is 
densely  spotted  with  yellowish  or  brown  circular  spots  from  1  to  2 
mm.  in  diameter.  On  the  under  surface  small  brown  sori  have 
broken  through  the  epidermis. 

Specimens  collected:  Austin,  23;  San  Marcos,  2090. 
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SUNrLOWER. 

Leaf-spot  {Cercospora  pachypus  Ell.  and  Kellerm.). — Irregular, 
angular  spots,  1  to  5  mm.  in  diameter,  becoming  dark  brown,  are 
formed  on  the  foliage  of  the  sunflower  {Helianthus  spp.).  These 
areas  fuse  and,  accompanied  by  more  or  less  chlorosis,  the  leaves  are 
killed. 

Specimen  collected  :  Hondo,  1989. 

Powdery  mildew  {Erysiphe  cichoracearum  DC). — Upon  the  upper 
side  of  the  leaves  appear  conspicuous  white  patches,  often  covering 
the  greater  part  of  the  leaf  surface.  Only  the  conidial  stage  was 
observed. 

Specimen  collected :  San  Antonio,  3159. 

Rust  {Puccinia  helianthi  S.). — The  rust  sori  are  formed  in  abun- 
dance on  both  wild  and  cultivated  forms,  frequently  so  as  to  render 
the  under  surface  quite  brown. 

Specimens  collected:  San  Antonio,  1357,  1388,  1392,  1780,  3162;  Seguin,  2300; 
Cuero,  2576;  Flatonia,  2718. 

TICK  TREFOIL. 

Rust  [Uromyces  hedysari-paniculati  (S.)  Farl.). — The  yellowish- 
brown  sori  on  tick  trefoil  {Meibomia  sp.)  are  very  numerous  on  the 
lower  surface  of  the  leaves  and  sparse  on  the  upper  surface. 

Specimen  collected :  Austin,  343. 

TROMPILLO. 

Dodder  {Cuscuta  sp.  ?). — This  parasite  on  the  trompillo  (Solanum 
elaeagnifoliuTTv  Cav.)  was  not  flowering,  and  consequently  could  not 
be  identified. 

Specimen  collected :  Bastrop,  2029. 

Nematode  leaf -curl  {Tylenchus  sp.). — This  is  quite  common,  caus- 
ing the  leaves  to  be  curled  and  much  hypertrophied.  (PI.  XVIII, 
fig.  3.) 

Specimens  collected:  Austin,  1262;  Kennedy,  2833. 

VINCETOXICUM. 

Leaf -mold  {Cercospora  hellynckii  (Westd.)  Sacc). — An  olivace- 
ous, brown,  diffuse  coating  is  formed  on  the  leaves  of  vincetoxicum 
{Vincetoxicum  spp.).  The  description  (46)  of  the  fungus  states 
that  it  occurs  on  the  lower  leaf  surface,  but  our  specimen  shows 
conidiophores  on  both  surfaces.  In  other  characters  the  agreement 
is  satisfactory. 

Specimen  collected:  Austin,  312. 
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Rust  {Puccinia  gonolohi  Kav.  and  B.). — The  sori  are  present  on 
both  stems  and  leaves.  On  the  stems  they  are  so  numerous  as  to  form 
a  black  crust.  On  the  leaves  they  are  scattered  and  on  the  lower 
surface. 

Specimens  collected:  Austin,  334,  335,  1449. 

virgin's-bower. 

leaf -blight  {Phleospora  adusta  Heald  and  Wolf,  32). — This  trouble 
on  the  virgin's-bower  {Clematis  dy^mmondii  T.  and  G.)  is  very  gen- 
eral and  very  severe.  The  foliage  has  large,  irregular,  brown  areas, 
generally  beginning  on  the  leaf  tips.  The  entire  leaves  become  dry 
and  brown  and  more  or  less  curled  in  the  advanced  stages  of  the 
disease. 

The  pycnidia  are  hypophyllous,  30  to  45  fi  in  diameter  and  sparse. 
The  spores  are  cylindrical,  hyaline,  18  to  36  by  3  to  3.5  /i,  and  one 
to  three  septate.     (PL  V,  fig.  10.) 

Specimens  collected:  New  Braunfels,  1699;  Austin,  1726  (type  specimen); 
Llano,  1734 ;  Beeville,  1833 ;  Sabinal,  1976 ;  Hondo,  1998 ;  Bastrop,  2021 ;  Seguin, 
2303;  GeorgetowTi,  2390;  Gonzales,  2654;  Kennedy,  2825. 

Rust  {Puccinia  tomipara  Trel.). — Groups  of  yellowish- white  cluster 
cups  appear  on  the  foliage  in  the  spring  and  late  fall.  The  telia  and 
uredinia  are  reported  as  occurring  on  Bromus  spp.,  but  no  collections 
have  been  made  in  our  territory. 

Specimens  collected :  Austin,  309,  438,  1424. 

WATER  CRESS. 

Leaf -blight  {Cercospora  nasturtii  Pass.). — The  leaves  of  water  cress 
{Radicula  nasturtium- aquaticum  (L.)  Britten  and  Rendle)  infested 
with  this  fungus  show  circular  to  subcircular  straw-colored  or  dirty- 
yellow  spots  varying  in  size  from  1  to  5  mm.  There  is  generally  more 
or  less  concentric  zonation.  The  diseased  plants  are  stunted  and  show 
a  purple  coloration  of  the  foliage. 

The  conidiophores  are  continuous,  45  to  60  by  3.5  ju,  and  clear- 
tipped.  The  conidia  are  65  to  115  by  3.5  /*,  several  septate,  hyaline, 
and  granular.     (PI.  II,  fig.  1.) 

Specimen  collected:  Austin,  1448. 

WATER  WILLOW. 

Leaf -spot  {Cercospora  diantherae  Ell.  and  Kellerm.). — The  affected 
leaves  of  water  willow  {Dianthera  americana  L.)  show  numerous 
gray  or  brown  spots,  1  to  4  mm.  in  diameter,  surrounded  by  a  darker 
border.    Extended  areas  of  the  leaf  tissue  may  be  killed  and  the 
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spots  show  as  lighter  areas  in  a  dark  ground.     In  the  earlier  stages 
of  the  disease  a  considerable  degree  of  chlorosis  may  be  exhibited. 
Specimens  collected :  Austin,  64,  2870. 

WILD  GOURD. 

Leaf -spot  {Cercospora  cucurUtae  Ell.  and  E  v.). —Dirty-yellow,  sub- 
circular  or  angular  spots,  2  to  7  mm.  in  diameter,  are  produced  on 
the  wild  gourd  {Cucurhita  foetidissima  H.  B.  K.)  by  this  fungus. 
The  spores  are  57  to  173  /i  in  length.  This  range  of  size  is  different 
from  that  given  in  the  original  description  (48)   (100  to  120  /x). 

Specimens  collected :  New  Braunfels,  1717  ;  Llauo,  1754  ;  Elgin,  1877  ;  Loclihart, 
2086;  Austin.  359,  1923;  Sabinal,  1984;  Luling,  2269;  Seguiu,  2289;  Floresville, 
2845;  San  Antonio,  3161. 

WILD  TOBACCO. 

Leaf-spot  {Cercospora  nicotianae  Ell.  and  Ev.).— This  fungus  on 
the  leaves  of  wild  tobacco  {Nicotiana  repanda  Willd.)  forms  sub- 
circular  areas  5  to  10  mm.  in  diameter.  Because  of  the  production 
of  conidiophores  and  conidia  on  both  surfaces,  the  center  of  the 
affected  areas  is  brown  with  a  lighter  border. 

Specimen  collected:  Austin,  3034. 

WIND  FLOWER. 

Rust  {Tranzschelia  cohaesa  (Long)  Arth.).— The  densely  aggre- 
gated cluster  cups,  yellowish  or  dilutedly  brown,  appear  on  the  lower 
surface  of  the  foliage  of  the  wind  flower  {Anemone  caroliniana 
Walt.) .  The  margins  of  the  cups  show  quite  commonly  four  recurved 
rays.     This  rust  is  very  common  and  very  abundant  during  March. 

Specimens  collected:  Austin,  2935,  2944. 

Smut  {Urocystis  anemones  (P.)  Wint.). — The  brownish -black 
pustules  are  formed  on  the  stems,  petioles,  and  leaf  blades.  These 
pustules  are  covered  at  first  and  vary  in  size  from  very  small  to  2.5 
or  5  cm.  in  length  when  on  the  stems. 

Specimen  collected:  Austin,  2942. 

WOOD  SORREL. 

Smut  {Ustilago  oxalidis  Ell.  and  Tracy). — The  seeds  of  the  wood 
sorrel  (Oxalis  stricta  L.)  are  replaced  by  a  mass  of  brown  spores,  and 
when  the  capsule  dehisces  these  spores  are  forcibly  ejected  in  clouds. 

Specimens  collected:  Austin,  1261,  1263. 
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YUCCA. 

Blight  {Cercospora  floricola  Heald  and  Wolf,  32). — This  disease 
produces  on  the  yucca  {Yucca  rupicola  Scheele)  elongated  grayish  or 
brownish  patches,  which  become  darker  with  age  and  spread  over  the 
main  scape,  the  flower  pedicels,  and  the  outer  divisions  of  the  perianth. 
The  creamy-white  outer  perianth  segments  may  be  completely  covered 
with  the  conidial  tufts,  which  cause  them  to  turn  nearly  black  and  to 
shrivel  more  or  less.  (PL  XIX,  fig.  3.)  The  fungus  may  spread 
over  the  whole  segment  from  the  tip  downward.  The  perianth  di- 
visions may  be  attacked  before  the  flower  opens  and  the  flower  bud 
completely  blighted  (PI.  XIX,  fig.  2),  or  the  flower  may  expand  to 
full  size  and  open  in  a  normal  way,  but  blight  completely  a  little 
later.  In  the  locality  where  the  disease  was  prevalent  fruit  formation 
did  not  take  place. 

ConidioiDhores  in  dense  fascicles  of  many  short,  brown,  continuous 
filaments,  30  to  45  by  5  to  6  /;i;  spores  generally  straight,  cylindrical, 
or  slightly  clavate,  hyaline  or  faintly  colored,  18  to  69  by  5  to  5.5  /u, 
and  one  to  five  septate,  commonly  three  septate.     (PI.  I,  fig.  3.) 

Specimen  collected:  On  Yucca  rupicola  Scheele — Austin,  1438  (type  specimen). 

Leaf -spot  {Pestcdozziella  yuccae  Karst.  and  Har.). — Grayish  lenticu- 
lar areas,  4  to  10  mm.  in  length,  are  produced  on  the  leaves.  Pro- 
truding through  the  epidermis  are  dark  pustules,  the  acerAiili  contain- 
ing oblong  clear  spores  with  four  hairs  at  the  apex. 

Specimen  collected :  On  Yucca  rupicola  Scheele — Austin,  1530. 

Leaf -blight  {Kellermannia  yuccogena  Ell.  and  Kellerm.). — The 
affected  leaves  become  straw  colored,  the  dead  area  advancing  do^^n- 
ward  from  the  tip  or  showing  as  a  narrow  zone  along  the  margin. 
The  advancing  edge  of  the  dead  area  is  generally  bordered  by  a  nar- 
row zone  of  brown.  Our  observations  indicate  that  this  species  of 
fungus  is  not  strictly  parasitic,  but  that  it  finds  its  entrance  first  into 
leaves  which  have  been  scorched  by  prairie  fires. 

The  pycnidia  are  very  abundant  on  both  surfaces,  showing  as 
minute  black  specks,  345  to  500  /i  in  diameter.  Spores  hyaline,  two 
celled,  33  to  45  by  9  to  10.5  /*,  each  with  a  colorless  appendage  from 
the  end,  15  to  30  /a  long. 

Specimen  collected  :  On  Yucca  fllamentosa  L. — Sabinal,  1988. 
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DESCRIPTION  OF  PLATES. 

All  drawings  show  a  magnification  of  417  diameters  unless  otherwise  indi- 
cated. 

Plate  I.  Species  of  Cercospora  from  various  hosts,  No.  1.  Fig.  1. — Three 
spores  of  Cercospora  vignae  Racib.  on  cowpea  (Viffna  unguiculata  (L.) 
Walp.).  Fig.  2. — Three  spores  of  C.  cruenta  Sacc.  on  Vigna  unguiculata 
(L.)  Walp.  Fig.  3. — Conidiophores  and  spores  of  C.  florimla  Heald  and 
Wolf  on  Yucca  rupicola  Sheele ;  also  three  spores  above.  Fig.  4. — Conidio- 
phores and  spores  of  C.  atricincta  Heald  and  Wolf  on  zinnia  (Crassinm. 
elegans  (Jacq.)  Kuntze).  Fig.  5. — Conidiophores  and  spores  of  C.  lythra- 
cearum  Heald  and  Wolf  on  pomegranate  {Punica  granatum  L.  and  Var.). 
Fig.  6. — Conidiophores  and  spores  of  C.  lythraccarum  Heald  and  Wolf  on 
crape  myrtle  (Lagerstroemia  indica  L.).  Fig.  7. — Conidiophores  and  spores 
of  C.  macro maculans  Heald  and  Wolf  on  Syringa  sp.  Fig.  8. — Conidiophores 
and  spores  of  C.  aurantia  Heald  and  Wolf  on  orange  (Citrus  aurantium 
sinensis  L.). 

Plate  II.  Species  of  Cercospora  from  various  hosts,  No.  2.  Fig.  1. — Conidio- 
phores and  spores  of  Cercospora  nasturtii  Pass,  on  water  cress  (Radicula 
nasturtiunh-aquaticum  (L.)  Britten  and  Rendle).  Fig.  2. — Conidiophores 
and  spores  of  C.  lanuginosa  Heald  and  Wolf  on  Bumelia  lanuginosa 
(Michx.)  Pers.  Fig.  3. — Conidiophores  and  spores  of  C.  nepheloides  Ell.  and 
Holw.  on  Mexican  blue-bell  (Eustoma  russelliamim  (Hook.)  Griesb.). 
Fig.  4. — Conidiophores  and  spores  of  C,  xanthicola  Heald  and  Wolf  on 
Xanthiiim  sp.  Fig.  5. — Diagram  of  a  portion  of  a  cross  section  of  leaf 
showing  abundance  and  distribution  of  conidial  tufts  of  C.  canescens  Ell. 
and  Martin  on  the  Lima  bean  (Phaseolus  lunatus  L.)  X  73.  Fig.  6. — 
Conidiophores  and  spores  of  C.  canescens  Ell.  and  Martin  on  the  Lima 
bean  (P  lunatus  L.).  Fig.  7. — Spores  of  Cercospora  holleana  (Thm.) 
Speg.  on  the  fig  (Ficus  carica  L.).  Fig.  8. — Conidiophores  and  spores 
Cercospora  fici  Heald  and  Wolf  on  the  fig  (F.  carica  L.). 

Plate  III.  Species  of  Cercospora  from  various  hosts,  No.  3.  Fig.  1. — Conidio- 
phores and  spores  of  Cercospora  adusta  Heald  and  Wolf  on  California 
privet  {Ligustrum  ovalifolium  Hassk.).  Fig.  2. — Conidiophores  and  spores 
of  C.  prosopidis  Heald  and  Wolf  on  mesquite  (Prosopis  glandulosa  Torr.). 
Fig.  3. — Conidiophores  and  spores  of  C.  pernioiosa  Heald  and  Wolf  on 
buttonbush  (Cephalanthus  occidentalis  L.).  Fig.  4. — Conidiophores  and 
spores  of  C.  chrysanthemi  Heald  and  Wolf  on  Chrysanthemum  sp. 
Fig.  5. — Conidiophores  and  spores  of  C.  pustula  Cke.  on  Virginia  creeper 
(Psedera  quinquifolia  (L.)  Greene).  Fig.  6. — Conidiophores  and  spores 
of  C.  obscura  Heald  and  Wolf  on  globe  artichoke  (Cynara  scolymus  L.). 
Fig.  7. — Conidiophores  and  spores  of  C.  fulvella  Heald  and  Wolf  on  crown- 
beard  {Ver'besvna  tewana  Buckl.).  Fig.  8. — Spores  of  C.  viticola  (Ces.) 
Sacc.  on  Vitis  sp.  Fig.  9. — Conidiophores  and  spores  of  C.  personata  (B. 
and  C.)  Ell.  on  the  peanut  (Arachis  hypogaea  L.). 
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Plate  IV.  Species  of  Cercospora  from  various  hosts,  No.  4.  Fig.  1. — Conldio- 
pliores  and  spores  of  Cercospora  sagittariae  Ell.  and  Ev.  on  Saggitaria  sp. 
Fig.  2. — Conidiophores  and  spores  of  C.  cratacgi  Heald  and  Wolf  on  haw- 
thorn {Crataegus  sp.).  Fig.  3. — Conidiophores  and  spores  of  C.  malachrae 
Heald  and  Wolf  on  mallow  (Malachra  capitata  L.).  Fig.  4. — Spores  of 
C.  elaeagni  Heald  and  Wolf  on  Elaeagnus  sp.  Fig.  5. — Conidiophores  and 
spores  of  C.  physalicola  Ell.  and  Barthol.  on  ground-cherry  (Physalis  sp.). 
Fig.  6. — Conidiophores  and  spores  of  C.  moricola  Cke.  on  red  mulberry 
(Morus  rubra  L.).  Fig.  7. — Conidiophores  and  spores  of  C.  capsici  Heald 
and  Wolf  on  pepper  {Capsicum  annuum  L.). 

Plate  V.  Various  genera  of  Fungi  Imperfect!  on  different  hosts.  Fig.  1. — Coni- 
diophores and  spores  of  Ramularia  momordic<ie  Heald  and  Wolf  on  the 
balsam-apple  {Monwrdica  balsamina  L..).  Fig.  2. — Conidiophores  and  spores 
of  R.  cassiaecola  Heald  and  Wolf  on  senna  {Cassia  occidentaUs  L.). 
Fig.  3. — Spores  of  Stagotwspora  gigantea  Heald  and  Wolf  on  century  plant 
{Agave  americana  L.).  Fig.  4. — Spores  of  Ramularia  cephalanthi  (Ell. 
and  Kellerm.)  Heald  on  buttonbush  {Cephalanthus  occidentulis  L.).  Fig. 
5. — Conidiophores  and  six)res  of  R.  hcdcricola  Heald  and  Wolf  on  English 
ivy  {Hedera  helix  L.).  Fig.  6. — Spores  of  Sporodesmium  maclurac  Thm. 
on  Osage  orange  {Toxylon  pomiferum  Raf. ).  Fig.  7. — Pycuidium  and 
spores  of  Phleospora  multimaculaiis  Heald  and  Wolf  on  the  sycumox'e 
{Platanus  occidentalls  L.).  Fig.  S. — Section  of  a  pycuidium  of  Pliyllosticta 
biformis  Heald  and  Wolf  on  leaf  of  Mexican  persimmon  {Diospyros  texana 
Sheele).  X  73.  Fig  9. — Section  of  a  pycuidium  of  P.  biformis  Heald  and 
Wolf  from  the  fruit  of  D.  texana  Sheele.  X  73.  Fig.  10.— Section  of 
a  pycuidium  and  spores  of  Phleospora  advsta  Heald  and  Wolf  on  virgin's- 
bower  {Clematis  drummondii  T.  and  G. ).  Fig.  11. — Section  of  a  pycuidium 
and  spores  of  P.  multimaculans  Heald  and  Wolf  on  walnut  {Juglans  sp.). 

Plate  VI.  Species  of  Colletotrichum,  Cylindrosporium,  and  Septoria  on  various 
hosts.  Fig.  1. — Group  of  spores  of  Colletotrichum  griseum  Heald  and 
Wolf  on  Euonymus  japonicus  Thuub.  Fig.  2. — Portion  of  the  acervulus  of 
C.  griseum  Heald  and  Wolf  on  E.  japonicus  Thunb.  Fig.  3. — ^A  single  acer- 
vulus showing  distribution  of  set*  of  C.  griseum  Heald  and  Wolf.  X  73. 
Fig.  4. — Spores  of  Cylindrosporium.  solitarium  Heald  and  Wolf  on  black 
locust  {Robinia  pseudacacia  L.).  Fig.  5. — Spores  of  Cylindrosporium  lip- 
piae  Heald  and  Wolf  on  Lippia  ligustrina  (Lag.)  Britton.  Fig.  6. — ^Acervulus 
of  Colletotrichum  caulicoUim  Heald  and  Wolf  on  beau  {Phaseohn^  vul- 
garis L.)  X73.  Fig.  7. — Conidiophores,  conidia,  and  setie  of  C.  eaulicolum 
Heald  and  Wolf.  Fig.  8. — Distribution  of  acervuli  (o)  of  C.  eaulicolum  on 
stem  of  beau  {Phaseolus  vulgaris  L.).  Natural  size.  Fig.  9. — Acervulus 
of  Cylindrosporium  defoliatum  Heald  and  Wolf  on  the  hackberry  {Celtis 
laevigata  Willd.).  Fig.  10. — Depressed  acervulus  bearing  spores  with 
two  septate  spores  of  C.  defoliatum  Heald  and  Wolf  on  C.  laevigata 
Willd.  Fig.  IL^Spores  of  C.  griseum  Heald  and  Wolf  on  wild  China  tree 
{Sapindus  drummondii  Hook,  and  Am.).  Fig.  12. — A  small  portion  of  a 
leaf  showing  acervuli  (a)  of  C.  griseum  Heald  and  Wolf  on  the  veins  of 
8.  drummondii  Hook,  and  Arn. ) .  X  73.  Fig.  13. — Setae,  conidiophores,  and 
conidia  of  Colletotrichum  on  sorghum  {Andropogon  sorghum  (L.)  Brot). 
Fig.  14. — Spores  of  Colletotrichum  on  A.  sorghum  (L. )  Brot.  Fig.  15. — 
Portion  of  the  acervulus  and  a  group  of  spores  of  Colletotrichum  on  Johnson 
grass  {A.  halepcnsis  (L.)  Brot.).  Fig.  16. — Several  pycnidia  of  Septoria 
pertusa  Heald  and  Wolf  on  Johnson  grass  (A.  halepensis  (L.)  Brot.V 
X  73.  Fig.  17. — A  single  pycuidium  of  <S.  pertusa  Heald  and  Wolf,  {a, 
Ostlole  and  protruding  spores ;  b,  a  group  of  four  spores. ) 
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Plate  VII.  Fungi  from  various  hosts.     Fig.   1. — Asci   and  spores  of  Dimero- 
sporium  parkinsoniae  Ileald  and  Wolf  on  retama  {Parkinsonia  aculeata  L.). 
Fig.  2. — Three  forms  of  conidiospores  of  D.  parkinsomac  Ileald  and  Wolf. 
Fig.  3. — Section  through  a  conidial  tuft  of  Ccrcospora  kaki  Ell.  and  Ev. 
on  persimmon  (Diospyros  kaki  L.).     Fig.  4. — Conidlophores  and  conidla  of 
Clasterosporium    diffusiim    Heald    and    Wolf    on    pecan     {Hicoria    pecan 
(Marsh.)  Britt).     Fig.  5. — Section  through  a  sporodochium  of  Exosporium 
concentricum  Heald  and  Wolf  on  Euonymus  japonicus  Thunb.     Fig.  6. — 
Conidiophores  of  Ilclminthosporium  oiganteum,  Heald  and  Wolf  on  Ber- 
muda grass  (Capriola  dactylon.  (L.)  Kuutze).     Fig.  7. — One  of  the  spores  of 
H.  giganteum  Heald  and  Wolf  on  Bermuda  grass  (C.  dactylon  (L.)  Kuntze). 
Fig.  8. — Section  through  an  acervulus  of  Cercosporella  mori  Fk.,  showing 
the  conidiophores  and  conidia  on  mulberry  (ilorus  alba  L.). 
Plate  VIII.  Fig.  1. — Leaflet  of  the  date  palm  (Phoonix  dactylifera  L.),  showing 
numerous  pustules  of  Graphiola  phoenicis  (Moug.)  Poit.     Fig.  2.— Leaf  of 
grape  (upper  surface),  showing  numerous  dark  blotches  due  to  Ccrcospora 
viUcola     (Ces.)      Sacc.     Fig.     3. — Bacterial     twig-canker     of     the     plum 
{Priinus  sp. ). 
Plate  IX.  Fig.   1. — The    roots  of    a   tomato  plant    (Lycopersicon  esculentum 
Mill.)    deformed    by    nematodes    {Hcterodcra    radicicola    (Greef)    Mul.). 
Fig.  2. — Root-knot  of  muskmelon    {Cucumis  melo  L.)    due  to  Hcterodcra 
radicicola    (Greef)    Mill.     Fig.   3.— Leaves  of  the   Lima   bean    (Phaseolus 
lunatus  L.)   affected  with  leaf-spot  due  to  Ccrcospora  canescens  Ell.  and 
Martin. 
Plate  X.  Fig.   1. — Young   watermelons    {CitruUus   vulgaris   Schrad.)    affected 
with  blossom-end  blight  and  rot.     Fig.  2. — Potato  {Solarium,  tuberosum  L.) 
with  nodules  formed  by  Rhizoctonia.     Fig.  3. — A  young  cymling   (Cucur- 
bita  pepo  L.)  almost  destroyed  by  Botrytis  cinerea  P. 
Plate  XL  Fig.  1. — Balansia  hypoxylon  (Pk.)  Atk.  on  the  inflorescence  of  feather 
grass    (Stipa  leucotricha  Trin.).     Fig.   2.— Portion   of  a   leaf  of  sorghum 
(Andropogon  sorghum  (L.)  Brot.)  affected  with  blight  due  to  Collctotrichum 
lineola  Cda.     Fig.  3. — Roots  of  cotton  (Oossypium  herbaceum  L.)  affected 
with  root-rot  due  to  a  new  species  of  sterile  fungus. 
Plate  XII.  Fig.  1. — Leaves  of  Euonymus  japonicus  Thunb.,  showing  the  char- 
acteristic spotting  caused  by  Exosporium  concentricum  Heald  and  Wolf. 
Fig.  2. — Leaves  of  E.  japonicus  Thunb.,  showing  spots  due  to  Colletotrichum 
griseum  Heald  and  Wolf. 
Plate  XIII.  Fig.  1. — Leaf  of  winged  elm  {Vlmus  alata  Michx.)  affected  with 
scab  due  to  Gnomonia  ulmea   (S.)    Thm.     Fig.  2. — Leaf  of  red  mulberry 
{Morus    rubra    L.),    showing   eye-spot   due   to    Ccrcospora   moricola    Cke. 
Fig.  3. — Tar-spot  on  the  live  oak  (Quercus  virginiana  Mill.)  due  to  Rhytisma 
erythrosporum  B.  and  C.     Fig.  4. — Leaflets  of  black  locust  {Robvnia  pseuda- 
cacia  L.),   showing  the  characteristic   spotting  due  to    (Cylindrosporium 
solitarium  Heald  and  Wolf. 
Plate    XIV.    Fig.    1. — Leaves    of    the    hackberry    {Celtis    laevigata    Willd.). 
blighted  by  Cylindrosporium  defoliatum  Heald  and  Wolf,    Fig.  2. — Leaf  of 
the  sycamore    (Platanus  occidentalis  L.),   blighted  by  Fhleospora   multi- 
maculans  Heald  and  Wolf. 
Plate  XV.  Fig.  1. — Leaf  of  the  Japanese  privet  (Ligustrum  japonicum  Thunb.) 
affected   with   leaf-spot  caused  by   Ccrcospora   Ugustri   Roum.     Fig.   2.— 
Small  branch  of  mesquite  {Prosopis  glandulosa  Torr.),  showing  three  galls 
of  possible  bacterial  origin.    Fig.  3. — A  single  large  gall  on  a  small  branch 
of  mesquite. 
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Plate  XVI.  Fig.  1. — Portion  of  a  leaf  of  century  plant  {Agave  americana  L.) 
affected  with  blight  due  to  Stagonospora  gigantea  Heald  and  Wolf.  Fig.  2. — 
Portion  of  the  margin  of  the  same  leaf  slightly  enlarged,  showing  the  distri- 
bution of  numerous  pycnidia. 

Plate  XVII.  Fig.  1. — Leaves  of  geranium  {Pelargonium  sp.)  affected  with  bac- 
terial blight.    Fig.  2. — Leaf  of  Begonia  sp.  affected  with  bacterial  blight. 

Plate  XVIII.  Fig.  1. — A  leaf  of  wild  morning-glory  {Ipomoea  sp.)  from  the 
under  surface,  showing  the  abundant  sori  of  the  white-rust  {Albugo 
ipotnoeae-panduranae  (S.)  Swingle).  Fig.  2. — A  small  branch  of  the  moun- 
tain cedar  {Juniperus  sabinoides  Nees.),  showing  the  gelatinous  sori  of 
Gymnosporangium  exiguum  Kern.  Fig.  3. — Leaf-curl  of  the  trompillo 
{Solanum  elaeagni folium  Cav.),  due  to  the  presence  of  nematodes  {Tylen- 
chus  sp.). 

Plate  XIX.  Fig.  1. — Leaflet  of  the  wild  China  tree  {Sapindus  drummondii  Hook, 
and  Arn.)  affected  with  CyUndrosporium  griseum  Heald  and  Wolf.  Fig.  2. — 
Buds  of  Yucca  rupicola  Scheele  blighted  by  the  attacks  of  Ccrcospora 
floricola  Heald  and  Wolf.  Fig.  3. — Small  portion  of  the  inflorescence  of 
y.  rupicola  Scheele  with  flowers  blighted  by  Cercospora  floricola  Heald 
and  Wolf. 
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Plate 


Species  of  Cercospora  from  Various  Hosts,  No.  1. 
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Plate  II. 
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Species  of  Cercospora  from  Various  Hosts,  No.  2. 
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Plate  III. 


Species  of  Cercospora  from  Various  Hosts,  No.  3. 
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Plate  IV. 


Species  of  Cercospora  from  Various  Hosts,  No.  4. 
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Plate  V. 


Various  Genera  of  Fungi  Imperfecti  on  Different  Hosts. 
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Plate  VI. 


Species  of  Colletotrichum,  Cylindrosporium,  and  Septoria  on  Various  Hosts. 
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Plate  VII. 


Fungi  from  Various  Hosts. 
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Plate  VIII. 
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Plate  IX. 
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Fig.  1.— Roots  of  Tomato  Plant  Deformed  by  Nematodes. 

Fig.  2.— Root-Knot  of  Muskmelon  Due  to  Nematodes. 

Fig.  3.— Leaves  of  Lima  Bean,  Showing  Leaf-Spot  Due  to  Cercospora  Canescens. 
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Plate  X. 


Fig.  1.— Young  Watermelons  Affected  with  Blossom-End  Blight  and  Rot. 
Fig.  2.— Tuber  of  Potato,  Showing  Nodules  Formed  by  Rhizoctonia. 
Fig.  3.— Cymling  Almost  Destroyed  by  Botrytis  Cinerea. 


Bui.  226,  Bureau  of  Plant  Industry,  U,  S.  Dept.  of  Agriculture. 


Plate  XI. 
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Plate  XII. 


Fig.  1.— Leaves  of  Euonymus,  Showing  the  Characteristic  Spotting  Caused  by 

EXOSPORIUM  Concentricum. 


Fig.  2.— Leaves  of  Euonymus,  Showing  Spots  Due  to  Colletotrichum  Griseum. 
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Plate   XIII. 


Fig.  1 .— Leaf  of  Winged  Elm  Affected  with  Scab  Due  to  Gnomonia  Ulmea. 
Fig.  2.— Leaf  of  Red  Mulberry,  Showing  Eye-Spot  Due  to  Cercospora  Moricola. 
Fig.  3.— Leaf  of  Live  Oak,  Showing  Tar-Spot  Due  to  Rhytisma  Erythrosporum. 
Fig.  4.— Leaflets  of  Black  Locust,  Showing  the  Characteristic  Spotting  Due  to 

Cylindrosporium  Solitarium. 


Bui.  226,  Bureau  of   Plant  Industry,  U,  S.  Dopt.  of  Agriculture. 


Plate  XIV. 
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Fig.  1.— Leaves  of  the  Hackberry  Blighted  by  Cylindrosporium  Defoliatum. 


^i 


V 


'  F 


«, 


%7 


'**^^*'*^^ 


■'-  %r^.  J 


*  •( 


^  - 


I 


«."fr?^ 


y 


.S^  w 


•  »*^- 


■^\:s^ 


J' 


m^ 


•vV- 


^ 


Fig.  2.— Leaf  of  the  Sycamore  Blighted  by  Phleospora  Multimaculans. 
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Plate  XV. 


Fig.   1.— Leaf  of  the  Japanese  Privet  Affected  with  Leaf-Spot  Due  to 

Cercospora  Ligustri. 
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Fig.  2.— Small  Branch  of  Mesquite,  Showing  Three  Galls  of  Possible 

Bacterial  Origin. 
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Fig.  3.— a  Single  Large  Gall  on  a  Small  Branch  of  Mesquite. 
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Plate  XVI 


Fig.  1.— Portion  of  Leaf  of  Century  Plant  Affected  with  Blight  Due  to 

Stagonospora  Gigantea. 

Fig.  2.— Margin  of  Same  Leaf  Slightly  Enlarged,  Showing  the  Distribution 

of  Pycnidia. 
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Plate  XVII, 


Fig.  1.— Leaves  of  Geranium  Affected  with  Bacterial  Blight. 


Fig.  2.— Leaf  of  Begonia  Affected  with  Bacterial  Blight. 


Bui.  226,  Bureau  of  Plant  Inilustry,  U.  S.  Dcpt.  of  AjT'icuKure. 


Plate  XVIII. 


Fig.  1  .—Leaf  of  Wild  Morninq-Glory  Attacked  by  Albugo  Ipomoeae-Panduranae. 
Fig.  2.— Small   Branch  of    Mountain  Cedar,   Showing  the   Gelatinous   Sori  of 

Gymnosporangium  Exiguum. 
Fig.  3.— Leaf-Curl  of  Trompillo  Due  to  Nematodes. 
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Plate  XIX. 


Fig.    1.— Leaflet  of  the  Wild  China  Tree  Affected  with  Cylindrosporium  Griseum. 


Fig.  2.— Buds  of  Yucca  Blighted  by  Cercospora  Floricola. 


Fig.  3.— Inflorescence  of  Yucca  Blighted  by  Cercospora  Floricola. 


INDEX. 


Abelmoschus  esculentus.    See  Okra. 
Abutilon  texense.    See  Mallow,  Indian. 
Acacia  greggii.    See  Cat's-claw. 
Acer  negundo  californicum.    See  Elder,  box. 

eaccharinum.     See  Maple.  Page. 
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Actinonema  rosae,  prevalence  on  the  rose  in  Texas 88 

Aecidium  spp.,  occurrence  on  plants  in  Texas 56,  77,  90, 91 

Aesculus  octandra.    See  Buckeye. 
Agave  americana.    See  Plant,  century. 
AUanthus  glandulosa.    See  Tree-of -heaven. 

Alabama,  occurrence  of  Cylindrosporium  celtidis  on  hackberry 69 

Albugo  epp.,  occurrence  on  plants  in  Texas 44,  86,  90-91,  92, 98, 99, 101, 112 

Alfalfa,  culture  and  diseases  in  Texas 21, 48, 55 

Allionacese,  occurrence  of  Albugo  platensis 86 

Altemaria  spp.,  occurrence  on  plants  in  Texas 40,  42,  54,  62,  65,  77,  78, 82, 89 

Althaea,  diseases  in  Texas 55, 57 

Althaea  rosea.    See  Hollyhock. 

Altitudes,  principal  stations  in  region  studied  in  Texas 12 

Alyssum,  sweet,  diseases  in  Texaa 89 

Amaranthus  spp.    See  Pigweed. 
Ambrosia  trifida.    See  Ragweed,  giant. 
Amygdalus  persica.    See  Peach. 

Anderson,  F.  W.,  and  Ellis,  J.  B.,  on  diseases  of  plants 91, 107 

Andropogon  spp.,  occurrence  and  diseases  in  Texas 21, 51, 53-54, 110,  111 

Anemone  caroliniana.    See  Flower,  wind. 
Angular  leaf-spot.     See  Leaf-spot,  angular. 

Anthracnose,  fruit,  occurrence  in  Texas 34-35, 41, 43, 55,  72 

leaf,  occurrence  in  Texas 40,  67,  68, 85,  111 

stem,  occurrence  on  plants  in  Texas 35-36, 100, 110 

Apple,  balsam,  diseases  in  Texas 82, 110 

cedar,  occurrence  on  cedars  in  Texas 63 

culture  and  diseases  in  Texas 18,  24-25 

May,  occurrence  of  rust  in  Texas 87 

Apricot,  culture  and  diseases  in  Texaa 19,  25 

Aquilegiasp.    <See  Columbine. 
Arachis  hypogaea.    See  Peanut. 
Arrow  leaf.    See  Leaf,  arrow. 

Artichoke,  globe,  diseases  in  Texas 40, 109 

Ascochyta  cycadina,  occurrence  on  Cycas  in  Texas 85 

Ash,  diseases  in  Texas 57-58 

prickly,  diseases  in  Texas 77 

Asparagus,  culture  and  diseases  in  Texas 20,  34 

Aster,  China,  diseases  in  Texas 84 

Atkinson,  G.  F.,  on  diseases  of  plants 50,  55, 107 

Avena  sativa.     See  Oats. 
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Bacillus  spp.,  occiirrence  on  plants  in  Texas 30,  53,  82-83, 112 

Bacteria,  presence  in  plant  tissues  in  Texas 25, 32,  111 

See  also  Bacillus;  Bacterium;  and  Leaf-spot,  bacterial. 
Bacterial  blight.     See  Blight,  bacterial. 

leaf-spot.     See  Leaf-spot,  bacterial, 
twig-canker.     See  Twig-canker,  bacterial. 

Bacterium  spp.,  occurrence  on  plants  in  Texas 24,  28-29, 31, 36,  54-55 

Balansiahypoxylon.     xSee  Blight,  Balansia. 
Balsam-apple.    See  Apple,  balsam. 

Barley,  diseases  in  Texas 46 

Bead,  coral,  diseases  in  Texas 92 

Bean,  castor,  occurrence  of  white  leaf-spot  in  Texas 84 

culture  and  diseases  in  Texas 20, 34-38, 55, 109, 110,  111 

Kentucky  Wonder,  culture  and  diseases  in  Texas 20,  35,  37 

Lima,  diseases  in  Texas 36,  37, 109,  111 

Beard-grass,  silver,  diseases  in  Texas 53 

Beet,  diseases  in  Texas 38 

Begonia  sp.,  diseases  in  Texas 82-83, 112 

Bermuda  grass.     See  Grass,  Bermuda. 
Beta  vulgaris.     See  Beet. 

Bibliography,  select  list  of  works  on  plant  diseases 107-108 

Bitter-rot  canker.     See  Bitter-rot. 

occurrence  on  the  pear  in  Texas 18, 29 

Black  haw.     See  Haw,  black. 

leaf-spot.     See  Leaf-spot,  black, 
locust.     See  Locust,  black. 

Blackberry,  culture  and  diseases  in  Texas 19, 33 

Black-blotch,  occurrence  on  grasses  in  Texas 52,  53 

eyed  pea.    See  Cowpea. 

knot,  nonoccurrence  on  plums  in  Texas 19 

rot,  occurrence  on  plants  in  Texas 18, 19,  24,  29, 33 

spot,  occurrence  on  prickly  pear  in  Texas 100 

Blight  and  rot,  blossom  end,  occurrence  on  the  watermelon  in  Texas 45,  111 

bacterial,  occurrence  on  plants  in  Texas 36,  53, 112 

Balansia,  occurrence  on  feather  grass  in  Texas 50,  111 

early,  occurrence  on  potato  in  Texas 42 

fire,  occurrence  on  the  pear  in  Texas 18, 30 

leaf,  occurrence  on  plants  in  Texas 30, 40,  51,  54, 59,  60,  61,  62,  67,  70-71, 

73,  75-76,  78,  79,  80,  82,  83,  86-87, 104, 106, 109, 110,  111 

occurrence  on  plants  in  Texas 34,  65,  72,  75,  78,  84,  85, 106 

twig,  occurrence  on  plants  in  Texas 27,  29 

Blossom-end  blight  and  rot.     See  Blight  and  rot,  blossom  end. 

Blotch,  occurrence  on  hawthorn 69-70 

See  also  Leaf-blotch. 

Bluebell,  Mexican,  diseases  in  Texas 87, 109 

Bluebonnet,  diseases  in  Texas 90 

Bluet,  diseases  in  Texas ^" 

Bocrhavia  spp.,  diseases  in  Texas 90-91 

Botrytis  cinerea,  occurrence  on  cymling  in  Texas 43,  111 

Bouteloua  spp.    See  Grass,  grama. 

Box,  diseases  in  Texas 

elder.    See  Elder,  box. 
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Brakes,  cedar,  native  growth  in  Texas 22 

Brassica  spp.,  diyeaaes  in  Texaa 38-39, 44-45, 98 

Bniy,  W.  L.,  on  native  vegetation  in  Texas 22,  64, 107 

Bromus  spp.,  host  plants  for  Puccinia  tomipara 104 

Broomweed,  diseases  in  Texas 91 

Brown-rot,  occurrence  in  Texas 1 8, 19 

Bubakia  crotonis,  occurrence  on  croton  in  Texas 93 

Buckeye,  diseases  in  Texas 60 

Bulbilis  dactyloides,  use  as  forage  crop  in  Texas 21 

Bull  nettle.     See  Nettle,  bull. 

Bumelia  lanuginosa,  diseases  in  Texas 60-61, 109 

Bunnemeyer,  B.,  on  cloudy  days  and  sunshine  in  Texas 22-23, 107 

Bur  clover.     See  Clover,  bur. 

sand,  diseases  in  Texas 53 

Buttonbush,  diseases  in  Texas 61-62, 109, 110 

Buxus  sempervirens.     See  Box. 

Cabbage,  culture  and  diseases  in  Texas 20,  38-39 

California,  occurrence  of  plant  diseases 25,  56,  87 

Callistemma  chinensis.     See  Aster,  China. 

Candytuft,  diseases  in  Texas 83 

Cane  canker.     See  Canker,  cane. 

culture  and  diseases  in  Texas 2 1, 53 

Canker,  bitter-rot.     See  Bitter-rot. 

cane,  occurrence  on  the  rose  in  Texas 88 

Canna  indica,  occurrence  of  leaf-blight  in  Texas 83 

Cape  jasmine.     See  Jasmine,  Cape. 

Capnodium  (?),  occurrence  on  watermelon  in  Texas 46 

Capriola  dactylon.     See  Grass,  Bermuda. 
Capsicum  annuum.    See  Pepper. 

Carnation,  diseases  in  Texas 83 

Carolina  clover.     See  Clover,  Carolina. 

Carrot,  diseases  in  Texas 39 

Casaba,  diseases  in  Texas 39 

Cassia  sp.     See  Senna. 

Castor  bean.    See  Bean,  castor. 

Catalpa  sp. ,  diseases  in  Texas 62 

Cat  's-claw,  occun-ence  and  diseases  in  Texas 22,  63 

Cebatha  Carolina.     See  Bead,  coral. 
Cedar  apple.    See  Apple,  cedar. 

brakes.     See  Brakes,  cedar. 

occurrence  and  diseases  in  Texas 22,  63-64, 112 

Celtis  spp.     See  Hackberry. 
Cenchrus  sp.     See  Bur,  sand. 

Century  plant,  diseases  in  Texas 84,  110,  112 

Cephalanthus  occidentalis.     See  Buttonbush. 
Cercis  occiden  talis.     /See  Red  bud. 

Cercospora,  differentiation  of  certain  species 37,  61,  80,  97, 102 

pulvinulata,  synonym  for  C.  missouriensis 74 

spp.,  occurrence  on  fruit  trees  and  small  fruits  in  Texas 24, 

26-27, 30,  31, 33,  34, 109,  111 

ornamental  plants  in  Texas 84-89, 109 
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Cercospora  spp.,  occurrence  on  trees  and  shrubs  in  Texas 57, 

60-62,  64-65,  70-71,  73-80, 82, 109-111 

truck  crops  in  Texas 34, 

37-40, 42, 43, 45-46, 109, 110,  111 
various  (other)  plants  in  Texas  . .  23, 48^9,  51,  55, 109 
wild  plants  in  Texas. .  90-97,  99. 101-106, 109, 110,  112 

possible  correlation  with  high  temperatures 23 

Cercosporella  spp.,  occurrence  on  plants  in  Texas 74, 95,  111 

Cereals,  culture  and  diseases  in  Texas 46-47 

See  also  names  of  different  cereals;  as,  Corn,  Oats,  etc. 

Cherry,  ground,  occurrence  of  leaf-spot  in  Texas 96, 110 

nonoccurrence  in  region  studied  in  Texas 19 

China  aster.    See  Aster,  China. 

tree,  umbrella.    See  Tree,  umbrella  China, 
wild.    See  Tree,  wild  China. 

Chlorosis,  occurrence  on  fruit  trees  in  Texas 24,  29,  30 

trees  and  shrubs  in  Texas. . .  57,  58,  61,  63, 65,  70,  75,  77,  79,  82 

truck  crops  in  Texas. . .- 35-37, 41, 42,  45 

various  (other)  plants  in  Texas 22, 

49,  52,  56, 86,  87.  90, 92,  97, 100, 103, 105 

Chrysanthemum  spp.,  diseases  in  Texas 84,  85, 109 

Cicinnobolus  spp.,  presence  on  powdery  mildew  of  standing  cypress  in  Texas. .         88 
Citrullus  vulgaris.    See  Watermelon. 

Citrus  spp.,  culture  and  diseases  in  Texas 19,  27-28, 109 

Cladosporium  spp.,  occurrence  on  plants  in  Texas 18,  28, 47 

Clasterosporium  diffusum,  occurrence  on  the  pecan  in  Texas 76,  111 

Clematis  drummondii.      Se^  Virgin 's-bower. 

Climate,  character  in  region  studied  in  Texas 15-18,  22-23 

Clinton,  G.  P.,  on  diseases  of  plants 36, 107 

Cloudy  days.    See  Sunlight. 

Clover,  bur,  use  as  forage  crop  in  Texas 21 

Carolina,  occurrence  of  rust  in  Texas 91 

Cocklebur,  diseases  in  Texas 91-92, 109 

Coleosporium  vernoniae,  occurrence  on  fireweed  in  Texas 95 

Collection  of  specimens  of  plant  diseases.    See  Specimens. 

CoUetotrichum  spp.,  differentiation  of  certain  forms 36,  52,  54 

occiurence  on  grasses  in  Texas 51-52,  53,  54, 110,  111 

trees  and  shrubs  in  Texas. . .  27-28,  67,  68, 110,  111 

truck  crops  in  Texas 34-36,  39,  40,  41,  43,  110 

Colocasia  esculenta.    See  Elephant's-ear. 

Columbine,  diseases  in  Texas 85 

Commelina  virginica.    See  Dajrflower. 

Coniothyrium  spp.,  occurrence  on  plants  in  Texas 66,  71,  88 

Convolvulus  hermanioides,  occurrence  of  white-rust  in  Texas 92 

Cook,  O.  F.,  on  vegetation  of  Texas 22, 107 

Cooke,  M.  C,  on  diseases  of  plants 11,  39, 107 

Cooperia  drummondii.    See  Lily,  rain. 
Coral  bead.    See  Bead,  coral. 

Corn,  Indian,  culture  and  diseases  in  Texas 21,  46 

Kafir,  cultivation  and  diseases  in  Texas 21,  53 

Cornus  sp.    See  Dogwood. 

Corticium  spp.,  occurrence  in  Texas 39, 41,  42,  43,  44,  57,  111 

Cotton,  culture  and  diseases  in  Texas 21, 54-57,  111 
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Cottonwood,  diseases  in  Texas 64 

Cottony  leaf-spot.    See  Leaf-spot,  cottony. 
Covered  smut.    See  Smut,  covered. 

Cowpea,  culture  and  diseases  in  Texas ' 20, 38, 48-49, 55, 109 

Crab-grass.    See  Grass,  crab. 

Crane's-bill,  occurrence  of  downy  mildew  in  Texas 92-93 

Crape  myrtle.     See  Myrtle,  crape. 

Crassina  elegans.    See  Zinnia. 

Crataegus  spp.    See  Hawthorn. 

Creeper,  trumpet,  diseases  in  Texas 79 

Virginia,  diseases  in  Texas 80, 109 

Cress,  water,  occurrence  of  leaf-blight  in  Texas 104, 109 

Cretaceous,  physiography  and  soils  of  prairies  in  Texas 14 

Crops,  field,  forage,  etc.,  culture  and  diseases  in  Texas 20-21, 34-49, 109, 110,  111 

See  also  names  of  crops;  as  Bean,  Corn,  Rye,  Sorghum,  etc. 

Croton  spp. ,  diseases  in  Texas 93 

Crownbeard,  diseases  in  Texas 93-94, 109 

Crown-gall,  occurrence  on  plants  in  Texas 24,  28,  29 

rust,  occurrence  on  oats  in  Texas 47 

Cucumber,  culture  and  diseases  in  Texas 20,  39 

Cucumis  spp.,  diseases  in  Texas 39,  40,  111 

Cucurbita  spp.,  culture  and  diseases  in  Texas 20, 43-44, 105,  111 

Currant,  nonoccurrence  in  region  studied  in  Texas 20 

Cuscuta  spp.,  occurrence  on  plants  in  Texas 83,  85,  87,  88,  89,  93,  94, 95,  97, 103 

Cushaw,  culture  and  diseases  in  Texas 20, 43 

Cyanospora  albicedrae,  occurrence  on  cedar  in  Texas 63-64 

Cycas  revoluta,  occurrence  of  blight  in  Texas 85 

Cylindropuntia,  native  thicket  growths  in  Texas 22 

Cylindrosporium  celtidis,  occurrence  on  hackberry  in  Alabama 69 

defoliatum,  comparison  with  C.  celtidis 69 

negundinis,  comparison  with  Septoria  marginata 60 

spp.,  occurrence  on  plants  in  Texas 25, 

32,  57-59,  66-67,  69,  71,  81, 110-112 

Cymling,  culture  and  diseases  in  Texas 20, 43, 44,  111 

Cynara  scolymus.     See  Artichoke,  globe. 

Cypress,  standing,  occurrence  of  powdery  mildew  in  Texas 88 

swamp,  occurrence  of  leaf  blight  in  Texas 78 

Daisy,  diseases  in  Texas 85, 109 

Damping-off ,  occurrence  on  young  citrus  plants  in  Texas 27 

Dandelion,  false,  occurrence  of  rust  in  Texas 94 

Date  palm.    See  Palm,  date. 
Daucus  carota.    See  Carrot. 

Dayflower,  occurrence  of  rust  in  Texas 94 

Delacroix,  G.,  and  Prilleaux,  E.  E.,  on  occurrence  of  bacterial  leaf-spot 83, 108 

Dendropogon  usneoides.     See  Moss,  ball  and  Spanish. 

Dewberry,  culture  and  diseases  in  Texas 19,  33 

Dianthera  americana.    See  Willow,  water. 
Dianthus  caryophillus.     See  Carnation. 

Die-back,  occurrence  on  plants  in  Texas 19,  25,  20,  28,  32,  73 

Dimerosporium  parkinsoniae,  prevalence  on  retama  in  Texas 78,  111 

Diospyros  spp.     See  Persimmon. 

Diplodia  spp.,  occurrence  on  plants  in  Texas 26,  27 
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Disease,  Rhizoctonia,  occurrence  on  plants  in  Texae 39, 40, 41,  42, 43,  44,  111 

DitJeases,  plant,  collections  of  specimens  in  region  studied  in  Texa? 11-12 

literature,  selected  list 107-108 

relation  to  environmental  factors  in  Texas 11,  22-23 

survey.     See  Survey,  ])lant  disease. 
See  also  names  of  different  plants  and  diseases. 

Dock,  occurrence  of  dodder  in  Texas 94 

Dodder,  occurrence  on  plants  in  Texas 83, 85,  87,  88,  89,  93,  94,  95,  97, 103 

Dogwood,  occurrence  of  leaf-spot  in  Texas 65 

Drought,  relation  to  plant  diseases  in  Texas 20,  22,  23 

Earle,  F.  S.,  on  occurrence  of  leaf-spot  on  hackberry  in  Alabama 69, 107 

Early  blight.     See  Blight,  early. 
Echinochloa  colona.     See  Rice,  jungle. 

Edgerton,  C.  W.,  on  diseases  of  plants 52,  55, 107 

Edwards  Plateau,  physiography  and  soils 12, 14,  22 

Eggplant,  culture  and  diseases  in  Texas 20,  23,  39-40 

Elaeagnus  sp.     See  Oleaster. 

Elder,  box,  diseases  in  Texas 59-60 

Elderberry,  occurrence  of  leaf-spot  in  Texas 65 

Elephant's-ear,  occurrence  of  blight  in  Texas 85-86 

Eleusine  indica,  use  as  forage  crop  in  Texas 21 

Elevations,  principal  stations  in  region  studied  in  Texas 12 

Ellis,  J.  B.,  and  Anderson,  F.  W.,  on  diseases  of  plants 91, 107 

Everhart,  B.  M.,  on  diseases  of  plants 24, 

31,  43,  48,  49,  56,  57,  60,  61,  90,  96, 107 

Kellerman,  W.  A.,  on  diseases  of  plants 61, 107 

Martin,  G.,  on  diseases  of  plants 60, 108 

Elm,  diseases  in  Texas 65-67,  111 

Engler,  A.,  and  Prantl,  K.,  on  fungi 66, 108 

English  ivy.     See  Ivy,  English. 

Erigeron  canadensis.     See  Fleabane. 

Erysiphe  spp.,  occurrence  on  plants  in  Texas. . .  37, 41, 42, 45,  73,  90.  94,  95,  97,  98, 103 

Euonymus  japonicus,  diseases  in  Texas 68, 110,  111 

Euphorbia  spp.,  occurrence  of  rust  in  Texas 94 

Eustoma  russellianum.     See  Bluebell,  Mexican. 

Evaporation,  actual  and  average,  for  region  studied  in  Texas 17-18 

Evening  primrose.     See  Primrose,  evening. 

Everhart,  B.  M.,  and  Ellis,  J.  B.,  on  diseases  of  plants 24, 

31,  43,  48,  49,  56,  57,  60,  61,  90,  96, 107 

Exosporium  concentricum,  occurrence  on  Euonymus  japonicus  in  Texas 68,  111 

Eye-spot,  occurrence  on  mulberry  in  Texas 74, 110,  111 

Fabraea  macula ta,  occurrence  on  the  pear  in  Texas 30 

False  dandelion.     See  Dandelion,  false. 
Feather  grass.     See  Grass,  feather. 
Fiber  plants.     See  Cotton. 
Ficus  carica.    See  Fig. 

Field,  E.  C,  assistance  in  determination  of  species 11 

F'ield  crops.     See  names  of  crops;  as  Cotton,  Corn,  etc. 

Fig,  culture  and  diseases  in  Texas 19,  26-27, 55, 109 

Fire-blight.    See  Blight,  fire. 

Fireweed,  diseases  in  Texas 94-95 
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Fischer,  Ed.,  on  diseases  of  plants 25, 108 

Fleabane,  occurrence  of  leaf-spot  in  Texas 95 

Floret  sterility.     See  Sterility,  floret. 

Florida,  occurrence  of  smut  on  date  palm 25 

Flower,  wind,  diseases  in  Texas lOo 

Fly-speck,  occurrence  on  the  pear  in  Texas 29 

Forage  crops.     See  names  of  crops;  as,  Alfalfa,  Cane,  etc. 

Four-o'clock,  occurrence  of  white-rust  in  Texas 86 

Fragaria  spp.    See  Strawberry. 
Fraxinus  spp.     See  Ash. 

Freckle  peach,  occurrence  in  Texas 18,  28 

Freeman,  G.  F.,  on  diseases  of  plants 48, 108 

French,  G.  T.,  Wilson,  J.  K.,  and  Stewart,  F.  C,  on  diseases  of  plants 48, 108 

Fruit-rot  and  leaf-spot.     See  Persimmon,  Mexican. 

occurrence  on  truck  crops  in  Texas 39, 43,  111 

spot,  occurrence  on  sweet  pepper  in  Texas 42 

Fruits,  culture  and  diseases  in  region  studied  in  Texas 18-20,  24-34 

See  also  names  of  different  fruits. 

small,  culture  and  diseases  in  Texas 19-20,  33-34 

Fumago  vagans  ( ?),  prevalence  in  Texas 34,  39,  61,  62,  77 

Fungi  Imperfecti,  illustrations  of  occurrence  on  different  hosts  in  Texas 109-112 

Fusarium  spp.  (?),  occurrence  on  plants  in  Texas 29,  83,  84 

Fusicladium  effusum,  occurrence  on  the  pecan  in  Texas 76 

Galls,  occurrence  on  plants  in  Texas 23,  72,  111 

See  also  Crown -gall. 
Gardenia  jasminoides.    See  Jasmine,  Cape. 

Gaura  coccinea,  occurrence  of  rust  in  Texas 95 

Georgia,  occurrence  of  Graphiola  phoenicis  on  date  palm 25 

Geranium  spp.,  diseases  in  Texas 86,  92-93, 112 

Giant  ragweed.     See  Ragweed,  giant. 
Gilia  rubra.     See  Cypress,  standing. 
Globe  artichoke.     See  Artichoke,  globe. 

Gloeosporium  spp.,  occurrence  on  plants  in  Texas 39,  59,  71-72,  78,  80,  85, 100 

Glomerella  spp.,  occurrence  in  Texas 29,  55 

Gnomonia  ulmea,  occurrence  on  elm  in  Texas 66,  111 

Goldenrod,  occurrence  of  leaf-spot  in  Texas 95 

Gooseberry,  nonoccurrence  in  region  studied  in  Texas 20 

Gossypium  herbaceum.     See  Cotton. 

Gourd,  wild,  occurrence  of  leaf-spot  in  Texas 105 

Grama  grass.     iSee  Grass,  grama. 

Grape,  culture  and  diseases  in  Texas 19,  33-34, 109,  111 

Graphiola  phoenicis,  occurrence  on  the  date  palm  in  Texas 25,  111 

Grass,  beard,  silver.     See  Beard-grass,  silver. 

Bermuda,  use  and  diseases  in  Texas 21,  50,  111 

crab,  diseases  in  Texas 50 

feather,  diseases  in  Texas 50-51,  111 

grama,  occurrence  and  diseases  in  Texas 21,  51 

Johnson,  culture  and  diseases  in  Texas 21,  51, 110 

pepper.     See  Peppergrass. 

reed,  occurrence  of  leaf-spot  in  Texas 53 

silver  beard.    See  Beard-grass,  silver. 
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Grasses,  wild  and  cultivated,  occurrence  and  dieeaaes  in  Texa." 21,  50-54 

See  also  names  of  different  grasses. 

Gray-spot,  occurrence  on  grasses  in  Texas 50,  52 

Ground-cherry.    See  Cherry,  ground. 

Guignardia  bidwellii,  occurrence  on  the  grape  in  Texas 33 

Gutierrezia  spp.    See  Broom  weed. 

Gymnosporangium  spp.,  occurrence  on  plants  in  Texas 30,  63,  70, 112 

Hackberry,  diseases  in  Texas 69, 110,  111 

Halsted,  B.  D.,  on  determination  of  fungi 36, 108 

Haujilia,  native  thicket  growths  in  Texas 22 

Haw,  black,  occurrence  of  leaf-spot  in  Texas 58 

Hawthorn,  diseases  in  Texas 69-70, 110 

Hay,  use  of  weedy  grasses  in  Texas 21 

Head  smut.    See  Smut,  head. 

Heald,  F.  D. ,  on  diseases  of  plants 23,  32, 108 

Heald,  F.  D.,  and  Wolf,  F.  A., on  diseases  of  plants 26, 

27,  31,  32,  35,  36,  40, 42,  50,  51, 58-61,  63,  64,  66-71, 
73,  75-79,  81,  82,  84,  85,  89,  91,  93,  97, 104, 106, 108 
Hedera  helix.    See  Ivy,  English. 
Helianthus  spp.    See  Sunflower. 

Helminthosporium  spp.,  occurrence  on  plants  in  Texas 50,  51,  54,  111 

Hemp  tree.    5ee  Tree,  hemp. 

Hendersonia  spp.,  occurrence  on  plants  in  Texas 53,  58,  69-70, 100 

Herbaria,  places  of  deposit  of  specimens  of  plant  diseases 11-12 

Heterodera  radicicola.    See  Root-knot. 

Heterosporium  gracile,  occurrence  on  the  iris  in  Texas 86-87 

Hibiscus  syriacus.    See  Althaea. 
Hicoria  pecan.     See  Pecan. 

Hollyhock,  diseases  in  Texas —        86 

Hordeum  spp.     See  Barley. 
Horse  nettle.    See  Nettle,  horse. 
Houstonia  angustifolia.    See  Bluet. 

Huisache,  native  thicket  growths  in  Texas 22 

Hume,  H.  H. ,  on  citrus  fruits  in  Texas 19, 108 

Hydrocotyle  spp.,  diseases  in  Texas 96 

Iberis  sp.    See  Candytuft. 
Indian  corn.    See  Corn,  Indian. 

mallow.     See  Mallow,  Indian. 
Indigo  plant.     See  Plant,  indigo. 
Indigofera  leptosepala.    See  Plant,  indigo. 

Introduction  to  bulletin 11-12 

Ipomoea  spp.,  diseases  in  Texas 44,  98, 112 

Iris  sp.,  diseases  in  Texas 86-87 

Irish  potatoes.    See  Potato,  Irish. 

Irrigation,  relation  to  crops  in  region  studied  in  Texas 20,  21,  23,  40,  42 

Ivy,  English,  diseases  in  Texas 67, 110 

Japanese,  occurrence  of  leaf-spot  in  Texas 70 

Japanese  ivy.    See  Ivy,  Japanese. 

Jasmine,  Cape,  occurrence  of  sooty  mold  in  Texas 62 

Jatropha  stimulosa.    See  Nettle,  bull. 

Jennings,  H.  S.,  on  parasitic  fimgi  of  Texas 11, 19, 108 
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.lohnson,  E.  ('.,  on  diseases  of  cereals 46,47 

grass.    See  Grass,  Johnson. 
Jiiglans  sp.    See  Walnut. 
Jungle  rice.    See  Rico,  jungle. 
Juniperus  sabinoides.    See  Cedar. 

Kafir  corn.     See  Corn,  Kafir. 

Kollerman,  W.  A.,  and  Ellis,  J.  B.,  on  diseases  of  plants 61, 107 

Kellermannia  yuccogena,  occurrence  on  the  yucca  in  Texas 106 

Kentucky  Wonder  bean.     See  Bean,  Kentucky  Wonder. 

Kern,  F.  D.,  determination  of  species ]  1,  63, 108 

Kernel  smut.     See  Smut,  kernel. 

Klebahn,  H.,  on  life  history  of  plant  diseases 66, 108 

Knotweed,  diseases  in  Texas , 97 

Kouig  maritima.     See  Alyssum,  sweet. 

Kraunhia  sp.     See  Wistaria. 

Kuehneola  hibisci,  occurrence  on  May-apple  in  Texas 87 

Lagerstroemia  indica.    See  Myrtle,  crape. 
Lathyrus  odoratus.     See  Pea,  sweet. 
Leaf  anthracnose.  See  Anthracnose,  leaf. 

arrow,  diseases  in  Texas 90, 110 

blight.     See  Blight,  leaf. 

blotch,  occurrence  on  plants  in  Texas 26,  69-70,  88 

curl,  nematode.     See  Tylenchus. 

peach,  nonoccurrence  in  region  studied  in  Texas "*. 18 

mold,  occurrence  on  plants  in  Texas 79,  87, 103, 109 

rust,  occurrence  on  cereals  in  Texas 47 

scab,  occurrence  on  elm  in  Texas 66,  111 

spot  and  fruit-rot.     See  Persimmon,  Mexican. 

shot-hole,  occurrence  on  peach  and  plum  in  Texas 28-29 

angular,  occurrence  on  cotton  in  Texas 54-55 

bacterial,  occm-rence  on  plants  in  Texas 31, 42,  82-83,  86, 112 

black,  occurrence  on  the  persimmon  in  Texas 30 

cottony,  occurrence  on  Osage  orange  in  Texas 75 

occurrence  on  fruit  trees  in  Texas 24,  27-32, 109-111 

trees  and  shrubs  in  Texas 57-61,  64-71,  74-82, 109-112 

truck  crops  in  Texas 37, 38,  40, 42-46, 109-111 

various  (other)  plants  in  Texas 33, 

34,  47-55,  84-86,  88-99, 101-106, 109-111 

white,  occurrence  on  castor  bean  in  Texas 84 

tip-blight.    See  Tip-blight,  leaf. 

Lemon,  culture  and  diseases,  in  Texas 19,  27-28 

Lepidium  virginicum.     See  Peppergrass. 

Leptothyrium  carpophilum,  occurrence  on  the  pear  in  Texas 29 

Lettuce,  culture  in  Texas 20 

Ligustrum  spp.,  diseases  in  Texas 77, 109,  111 

Lilac,  diseases  in  Texas 70-71, 109 

Lily,  rain,  occmrence  of  rust  in  Texas 101 

Lima  bean.    See  Bean,  Lima. 

Lindau,  G.,  on  determination  of  species  of  Colletotrichum 36, 108 

Lippia  ligustrina,  occurrence  of  leaf-spot  in  Texas 71, 110 
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Liriodendron  tulipifera.    See  Tree,  tulip. 

Literature  of  plant  diseases,  selected  list 107-108 

Live  oak.     See  Oak,  live. 

stock,  area  devoted  to  industry  in  Texas 21 

Locust,  black,  diseases  in  Texas 55,  58-59, 80, 110,  111 

Loose  smut.     See  Smut,  loose. 
Lupinus  texensis.     See  Bluebonnet. 
Lycopersicon  esculentum.     See  Tomato. 

Macrophoma  candollei,  occmTence  on  box  in  Texas 59 

Macrosporium  sp.,  comparison  with  M.  nigricantium 55 

occurrence  on  plants  in  Texas 43,  55 

Magnolia  grandiflora,  occurrence  of  leaf-spot  in  Texas 71 

Maize,  milo.     See  Milo. 
Malachra  capitata.    See  Mallow. 

Mallow,  diseases  in  Texas 97, 110 

Indian,  diseases  in  Texas 96-97 

Malus  sylvestris.    See  Apple. 

Malvaviscus  drummondii.     See  Apple,  May. 

Maple,  diseases  in  Texas 71-72, 82 

Marsonia  quercus,  occurrence  on  the  oak  in  Texas 74 

Martin,  G.,  and  Ellis,  J.  B.,  on  diseases  of  plants 60, 108 

May-apple.    See  Apple,  May. 

Medicago  spp.,  use  and  diseases  in  Texas 21, 48 

Meibomia  sp.     See  Trefoil,  tick. 

Melampsora  spp.,  occurrence  on  plants  in  Texas 64, 82 

Melia  azedarach.     See  Tree,  umbrella,  China. 

Mesquite,  occmrence  and  diseases  in  Texas 22,  72-73, 109,  111 

Mexican  bluebell.     Sec  Bluebell,  Mexican. 

Microsphaera  spp.,  occurrence  on  plants  in  Texas 71,  79 

Mildew,  downy,  occurrence  on  plants  in  Texas 22,  33, 44-45,  92-93,  99 

powdery,  occurrence  on  trees  and  shrubs  in  Texas 22, 

25,  67, 69,  71,  73,  79, 81-82,  88 

various  (other)  plants  in  Texas 22, 

37, 41,  42,  45,  90,  94,  95,  97,  98, 103 

Milo,  use  and  diseases  in  Texas 21, 53 

Mint,  occurrence  of  powdery  mildew  in  Texas 98 

Mirabilis  jalapa.     See  Four-o'clock. 

Mistletoe,   occurrence  on   trees  and  shrubs  in  Texas 67,69,72-73 

Mold,  sooty,  occurrence  on  plants  in  Texas 34,  39, 46,  61,  62,  77,  78 

iVlolz,  E.,  on  character  of  chlorosis 22, 108 

Momordica  balsamina.     See  Apple,  balsam. 

Morning-glory,  diseases  in  Texas 98, 112 

Morns  spp.     See  Mulberry. 

Moss,  ball  and  Spanish,  occurrence  on  the  oak  in  Texas 74-75 

Mulberry,  diseases  in  Texas 73-74, 110,  111 

Muskmelon,  diseases  in  Texas 40,  111 

Mustard,  occurrence  of  white-rust  in  Texas 98 

Mycosphaerella  spp.,  occurrence  on  plants  in  Texas  and  elsewhere 34,  66 

Myrtle,  crape,  diseases  in  Texas 64-65,  77, 109 

Myxosporium  diedickei,  occurrence  on  mulberry  in  Texas 73 

Nebraska,  occurrence  of  Bacterium  phaseoli 36 

Nematode  leaf-curl.    See  Tylenchus  sp. 
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Nematodes,  occurrence  on  plants  in  Texas 20, 23 

See  also  Root-knot  and  Tylenchus. 

Nettle,  bull,  occurrence  of  leaf-spot  in  Texas 91 

horse,  occurrence  of  leaf-spot  in  Texas 96 

Nicotiana  repanda.     See  Tobacco,  wild. 

Nymphaea  ad  vena,  occurrence  of  leaf-spot  in  Texaa 98-99 

Oak,  diseases  in  Texas 74-75,  111 

live,  occurrence  of  tar-spot  in  Texas 75,  111 

poison,  occurrence  of  rust  in  Texas 76 

Oats,  culture  and  diseases  in  Texas 21, 47 

Observations,  field,  importance 23 

Oenothera  laciniata.     See  Primrose,  evening. 

Okra,  culture  and  diseases  in  Texas 20,  23,  41,  55 

Oleaster,  occurrence  of  leaf-spot  in  Texas 75, 110 

Onion,  growth  as  truck  crop  in  Texas 20 

Oospora  scabies,  occurrence  on  potato  in  Texas 42 

Opuntia  spp.     See  Pear,  prickly. 

Orange,  culture  and  diseases  in  Texas 19,  27-28, 109 

Osage,  diseases  in  Texas 75, 110 

Satsuma,  cultivation  in  Texas 19 

Organisms,  causal,  value  of  field  observations  in  identification 23 

Ornamental  plants.     See  Plants,  ornamental. 

Orton,  W.  A.,  assistance  in  preparation  of  bulletin 11 

Ovularia  maclurae,  occurrence  on  Osage  orange  in  Texas 75 

Oxalis  stricta.     See  Sorrel,  wood. 

Ozonium  omnivorum,  occurrence  on  plants  in  Texas 26,  38, 41, 48, 49,  55,  57,  59,  80 

Palm,  date,  culture  and  diseases  in  Texas 19,  25,  111 

Panicum  spp.,  culture  and  diseases  in  Texas 21,  52 

Parish,  S.  B.,  on  identity  of  Cercospora  species 87 

Parkinsonia  aculeata.     See  Retama. 

Parsley,  diseases  in  Texas 41,  55 

Parsnip,  diseases  in  Texas 41 

Parthenium  hysterophorus,  occurrence  of  rust  in  Texas 99 

Pastinaca  sativa.     See  Parsnip. 

Patterson,  F.  AV.,  assistance  in  determination  of  species 11 

Pea,  black-eyed.    See  Cowpea. 

culture  and  diseases  in  Texas 20, 41 

sweet,  host  of  dodder  in  Texas 89 

Peach,  culture  and  diseases  in  Texas 18, 19,  25,  28-29 

freckle.    See  Freckle,  peach. 

Peanut,  diseases  in  Texas 49, 109 

Pear,  culture  and  diseases  in  Texas 18,  29-30 

prickly,  diseases  in  Texas 100-101 

Pecan,  culture  and  diseases  in  Texas 20,  75-76,  111 

Peck,  C.  H.,  determination  of  species 11,  74,  95, 108 

Pelargonium  sp.,  occurrence  of  bacterial  leaf-spot  in  Texas 86, 112 

Pepper,  culture  and  diseases  in  Texas 20, 41^2, 110 

sweet,  occurrence  of  fruit-spot  in  Texas 42 

Peppergrass,  occurrence  of  downy  mildew  in  Texas 99 

Perisporium  wrightii.     See  Black-spot. 

Periwinkle,  host  of  dodder  in  Texas 87 

Peronospora  parasitica,  occurrence  on  plants  in  Texas 44-45,  99 
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Peronosporacese,  conditions  affecting  germination  of  spores 22 

Persimmon,  culture  and  diseases  in  Texas 19,  30-31, 110,  111 

Mexican,  diseases  in  Texas 31, 110 

Pestalozzia  spp.,  occurrence  on  plants  in  Texas 65,  78 

Pestalozziella  yuccae,  occurrence  on  the  yucca  in  Texas 106 

Petroselinum  sativum.    See  Parsley. 
Phaseolus  spp.    See  Bean. 

Phleospora  spp.,  occurrence  on  plants  in  Texas 66,  79,  81, 104, 110,  111 

Phoenix  dactylifera.     See  Palm,  date. 

Phoma  sp.,  occurrence  on  young  citrus  plants  in  Texas 27 

Phomatospora,  occm-rence  of  pycnidium  in  Texas 66 

Phoradendron  flavescens.    See  Mistletoe. 

Phragmidium  disciflorum,  occurrence  on  rose  in  Texas 88 

Phragmites  vulgaris.    See  Grass,  reed. 
Phyllachora  graminis.     See  Black-blotch. 

Phyllosticta  spp.,  occurrence  on  plants  in  Texas 31, 

32,  60,  61,  65,  67,  70,  77,  80,  82,  93-94,  98-99, 102, 110 
Physalis  sp.    See  Cherry,  ground. 

Physiography,  character  of  region  studied  in  Texas 12-14 

Physopella  fici,  occurrence  on  the  fig  in  Texas 26 

Phytolacca  americana.     See  Poke  weed. 

Pigweed,  diseases  in  Texas 99 

Pileolaria  toxicodendri,  occurrence  on  poison  oak  in  Texas 76 

Piricularia  grisea.    See  Gray-spot. 

Pisum  sativum.    See  Pea. 

Plant,  century,  diseases  in  Texas 84, 110, 112 

disease  survey.     See  Survey,  plant  disease. 

indigo,  diseases  in  Texas 97 

Plants,  fiber.     See  Cotton. 

ornamental,  diseases  in  Texas 82-89 

See  also  names  of  different  ornamental  plants. 

wild,  diseases  in  Texas 90-106 

See  also  names  of  different  wild  plants. 

Plasmopara  viticola,  occurrence  on  the  grape  in  Texas 33 

Platanus  occidentalis.    See  Sycamore. 

Plates,  description 109-112 

Platyopuntia,  native  thicket  growths  in  Texas 22 

Plum,  culture  and  diseases  in  Texas 19,  25,  28-29,  31-32,  111 

pockets,  nonoccurrence  of  disease  in  Texas 19 

Podosphaera  leucotricha,  occurrence  on  the  apple  in  Texas 25 

Poison  oak.    See  Oak,  poison. 

Pokeweed,  occurrence  of  leaf-spot  in  Texas 99 

Polygonum  spp.    See  Knotweed. 

Pomegranate,  occurrence  of  leaf-spot  in  Texas 76-77, 109 

Populus  deltoides.    See  Cottonwood. 
Portulaca  spp.    See  Purslane. 

Potato,  Irish,  culture  and  diseases  in  Texas 20, 23, 42,  111 

sweet,  diseases  in  Texas 44, 98 

Powdery  mildew.    See  Mildew,  powdery. 

Prairie,  coast,  physiography  and  soils  in  Texas 12-14 

Prantl,  K.,  and  Engler,  A.,  on  diseases  of  plants 66, 108 

Precipitation,  annual,  for  region  studied  in  Texas 15-16 

Prickly  ash.     See  Ash,  prickly. 
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Pace. 
Prickly  pear.    See  Pear,  prickly. 

Prilleaux,  E.  E.,  and  Delacroix,  G.,  on  occurrence  of  bacterial  leaf-spot 83, 108 

Primrose,  evening,  occurrence  of  powdery  mildew  in  Texas 94 

Privet,  diseases  in  Texas 77, 109,  111 

Prosopis  glandulosa.     See  Mesquite. 

Prunus  spp.,  diseases  in  Texas 25,  31-32,  111 

Psederaspp 70,80,109 

Pseudopeziza  medicaginis,  oc-currence  on  alfalfa  in  Texas 48 

Puccinia  spp.,  occurrence  on  plants  in  Texas 34, 46, 47,  51,  52, 92,  94-99, 101-104 

Punica  granatum.     See  Pomegranate. 

Purslane,  occurrence  of  white-rust  in  Texas 101 

Pyrus  communis.     See  Pear. 

Quercus  epp.    See  Oak. 

Raciborski,  M.,  on  occurrence  of  leaf -spot  on  cowpea  in  Java 49, 108 

Radicula  nasturtium-aqua ticum.     See  Cress,  water. 

Radish,  culture  and  diseases  in  Texas 20,  42 

Ragweed,  giant,  diseases  in  Texas 95 

Rain  lily.     See  Lily,  rain. 

Rainfall,  annual,  for  region  studied  in  Texas 15-16 

Ramularia  spp.,  occurrence  on  plants  in  Texas 61,  67,  69,  82, 101-102, 110 

Raphanus  sativus.     See  Radish. 

Raspberry,  nonoccurrence  in  region  studied  in  Texas 20 

Ravenelia  spp.,  occurrence  on  plants  in  Texas 63,  73, 102 

Redbud,  diseases  in  Texas 77-78 

Reed-grass.     See  Grass,  reed. 

Retama,  occurrence  of  sooty  mold  in  Texas 78,  111 

Rhabdospora  sp. ,  association  with  scald  on  Opuntia 101 

Rhizoctonia  disease.     See  Disease,  Rhizoctonia. 

spp.,  occurrence  on  plants  in  Texas 23,  38-44,  111 

Rhus  spp.,  diseases  in  Texas 76,  78 

Rhysotheca  geranii,  occurrence  on  crane's-bill  in  Texas 92-93 

Rhytisma  erythrosporum.     See  Tar-spot. 

Rice,  jungle,  use  and  occurrence  of  disease  in  Texas 21,  52 

region  of  plantings  in  Texas 21 

Ricinus  communis.     See  Bean,  castor. 

Rivina  laevis,  occurrence  of  leaf-spot  in  Texas 101 

Robinia  pseudacacia.     See  Locust,  black. 

Rolfs,  F.  M.,  on  occurrence  of  die-back  on  the  apricot 25, 108 

Root-knot,  occurrence  on  plants  in  Texas 26,  38-41,  44, 85,  111 

rot,  occurrence  on  truck  crops  in  Texas 38, 39,  40, 41, 43,  44 

various  (other)  piants  in  Texas.  26, 48,  49,  55-67, 59, 80, 83,  111 

Rhizoctonia       :urrence  on  plants  in  Texas 39,  40, 41, 42, 43, 44,  111 

Texas,  list  of  host  plants  in  Texas 55 

Rorer,  J.  B.,  on  bacterial  disease  of  the  peach 29, 108 

Rosa  spp.,  diseases  in  Texas 88 

Rot  and  blight.    See  Blight  and  rot,  blossom  end. 
Rubus  spp.     See  Blackberry  and  Dewberry. 

Ruellia  tuberosa,  occurrence  of  rust  in  Texas 101 

Rumex  berlandieri.    See  Dock. 

Rust,  cedar,  occurrence  on  Juniperus  in  Texas 63 

crown,  leaf,  and  stem 47 
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Rust,  occurrence  on  forage  crops  and  grasses  in  Texas 48, 49,  50,  51,  52 

trees  and  shrubs  in  Texas 26,  28,  32,  63,  64,  70,  73,  76,  77,  82 

various  (other)  plants  in  Texas 34,  38,  46, 56,  83,  87,  88 

wild  plants  in  Texas 90-99, 101-105 

spot,  occurrence  on  pear  in  Texas 30 

white.     See  White-rust. 

Rusty-leaf,  occurrence  on  fig  in  Texas 26-27, 109 

Rye,  occurrence  of  leaf-rust  in  Texas 47 

Saccardo,  P.  A.,  on  fungi  occurring  on  plants 55,  74,  76, 103, 105, 108 

Sage,  occurrence  of  rust  in  Texas 101 

Sagittaria  spp.     See  Leaf,  arrow. 

Salix  sp.     See  Willow. 

Salmon,  E.  S.,  on  hosts  of  powdery  mildew 73, 82 

Sahda  farinacea.     See  Sage. 

Sambucus  canadensis.     See  Elderberry. 

San  Antonio,  central  point  of  plant-disease  siu-vey  in  Texas 11-13 

Sand  bur.    See  Bur,  sand. 

Sapindus  drummondii.     See  Tree,  wild  China. 

Satsuma  orange.     See  Orange,  Satsuma. 

Scab,  occurrence  on  plants  in  Texas 42,  76 

Scald,  occurrence  on  prickly  pear  in  Texas 100 

Scofield,  C.  S.,  on  evaporation  observations  in  Texas 17 

Secale  cereale.     See  Rye. 

Senna,  diseases  in  Texas 101-102, 110 

Septoria  marginata,  comparison  with  Cylindrosporium  negundinis 60 

spp.,  occurrence  on  trees  and  shrubs  in  Texas 58, 59-60,  64,  75-76,  79 

various  (other)  plants  in  Texas 33, 44, 51,  84,  91, 95, 110 

Shot-hole  and  leaf-spot,  occurrence  on  peach  and  plum  in  Texas 28-29 

occurrence  on  plants  in  Texas 25,  28-29,  32,  79 

Shrubs  and  trees,  diseases  in  Texas 57-82 

See  also  names  of  different  trees  and  shrubs. 

Silver  beard-grass.     See  Beard-grass,  silver. 

Silver-twig,  occurrence  on  the  plum  in  Texas 32 

Sitilias  multicaulis.     See  Dandelion,  false. 

Small  fruits.    See  Fruits,  small. 

Smilax  bona-nox,  diseases  in  Texas 102 

Smut,  covered,  occurrence  on  barley  in  Texas 46 

head,  occurrence  on  sorghum  in  Texas 53 

kernel,  occurrence  on  sorghum  in  Texas 54 

loose,  occurrence  on  cereals  in  Texas 46,  47 

occurrence  on  plants  in  Texas 25, 46, 47,  51 ,  53,  54, 105 

stinking,  occurrence  on  wheat  in  Texas 47 

Soils,  character  in  region  studied  in  Texas 12-14 

Solanum  spp.,  diseases  in  Texas 39-40, 42,  96, 103,  111,  112 

Solidago  spp.    See  Goldenrod. 

Sooty  mold.     See  Mold,  sooty. 

Sore-shin,  occurrence  on  cotton  in  Texas 57 

Sorghum,  culture  and  diseases  in  Texas 21,  53-54, 110,  111 

Sorosporium  syntherismae,  occurrence  on  sand  bur  in  Texas 53 

Sorrel,  wood,  occurrence  of  smut  in  Texas 105 

Spanish  moss.    See  Moss,  ball  and  Spanish. 
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Specimens,  herbarium,  of  plant  diseases 11-12 

See  also  names  of  different  diseases. 

Sphacelotheca  spp.,  occurrence  on  plants  in  Texas 53,  54 

Sphaerella  gossypiua,  occurrence  on  cotton  in  Texas 55 

Sphaeropsis  malorum,  occurrence  on  plants  in  Texas 24,  27,  29 

Sphaerotheca  spp.,  occurrence  on  the  rose  in  Texas 88 

Spinach,  culture  and  diseases  in  Texas 20, 43 

Spinacia  oleracea.     See  Spinach. 

Sporodesmium  maclurae,  occurrence  on  Osage  orange  in  Texas 75, 110 

Squash,  culture  and  diseases  in  Texas 20, 43-44,  111 

Stachys  drummondii.     See  Mint. 

Stagonospora  gigantea,  occurrence  on  century  plant  in  Texas 84, 110, 112 

macrospora,  comparison  with  S.  gigantea 84 

Standiug  cypress.     See  Cypress,  standing. 
Stem  anthracnose.    See  Anthracnose,  stem. 

rot,  occurrence  on  China  aster  in  Texas 84 

rust,  occurrence  on  cereals  in  Texas 47 

Stemphilium  tritici,  occurrence  on  wheat  in  Texas 47 

Sterility,  floret,  occurrence  on  wheat  in  Texas 47 

Stewart,  F.  C,  French,  G.  T.,  and  Wilson,  J.  K.,  on  diseases  of  plants 48, 108 

Stinking  smut.     See  Smut,  stinking. 
Stipa  leucotricha.     See  Grass,  feather. 

Stock,  live,  area  devoted  to  industry  in  Texas 21 

Strawberry,  culture  and  diseases  in  Texas 19, 34 

Sumac,  occurrence  of  leaf-spot  in  Texas 78 

Sunflower,  diseases  in  Texas 103 

Sunlight,  relation  to  plant  diseases  in  Texas 22-23 

Survey,  plant  disease,  character  and  extent  of  region  studied  in  Texas 12-14,  24 

object  of  work  in  Texas 11 

plan  of  work  in  Texas 23-24 

5e«  aZso  Altitudes,  Climate,  Crops,  Diseases,  Fruits,  Physiography,  Vegetation, 
etc. 
Swamp  cjT^ress.     See  Cypress,  swamp. 
Sweet  alyssum.    See  Alyssum,  sweet. 

pea.    See  Pea,  sweet. 

pepper.    See  Pepper,  sweet. 

potato.    See  Potato,  sweet. 

Sycamore,  diseases  in  Texas 78-79, 110,  111 

Symphoricarpos  orbiculatus,  occurrence  of  powdery  mildew  in  Texas 79 

Symptoms,  importance  of  field  observations 23 

Syntherisma  sanguinalis.     See  Grass,  crab. 
Syringa  sp.     See  Lilac. 

Tar-spot,  occurrence  on  the  oak  in  Texas 75,  111 

Taxodium  distichum.     See  Cypress,  swamp. 
Tecoma  radicans.     See  Creeper,  trumpet. 

Temperatures,  data  for  region  studied  in  Texas 17, 18, 19 

high,  relation  to  plant  diseases  in  Texas 20,  22,  23 

Tertiary,  forested  area  in  Texas,  description 14 

Texas,  occurrence  of  plant  diseases.     See  names  of  different  diseases. 

root-rot.     See  Root-rot,  Texas. 
Tick  trefoil.     See  Trefoil,  tick. 
Tillandsia  reciurvata.     See  Moss,  ball  and  Spanish. 
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Tilletia  tritici.     See  Smut,  stinking. 

Tip-blight,  leaf,  occurrence  on  plants  in  Texas 59,  65,  71-72 

Tobacco,  wild,  occurrence  of  leaf-spot  in  Texas 105 

Tolyposporella  brunki,  occurrence  on  silver  beard-grass  in  Texas 53 

Tomato,  culture  and  diseases  in  Texas 20,  23, 44,  111 

Toxylon  pomiferum.     See  Orange,  Osage. 

Tranzschelia  spp.,  occurrence  on  plants  in  Texas 28,  32, 105 

Tree,  hemp,  occurrence  of  leaf-spot  in  Texas 70 

Tree-of-heaven,  diseases  in  Texas 79 

Tree,  tulip,  diseases  in  Texas 80 

umbrella  China,  diseases  in  Texas 55, 80 

wild  China,  diseases  in  Texas 81-82, 110, 112 

Trees  and  shrubs,  diseases  in  Texas 57-82 

See  also  names  of  different  shrubs  and  trees. 
Trees,  fruit,  culture  and  diseases  in  Texas 18-20,  24-32 

See  also  names  of  different  fruits. 

Trefoil,  tick,  occurrence  of  rust  in  Texas 103 

Trifolium  caroUnianum.     See  Clover,  Carolina. 
Triticum  aestivum.    See  Wheat. 

Trompillo,  diseases  in  Texas 103, 112 

Truck  crops.    See  names  of  crops;  as  Bean,  Beet,  Cabbage,  etc. 
Trumpet  creeper.    See  Creeper,  trumpet. 
Tulip  tree.    See  Tree,  tulip. 

Turnip,  diseases  in  Texas 44-45 

Twig-blight.     See  Blight,  twig. 

canker,  bacterial,  occurrence  on  plum  in  Texas 32,  111 

Tylenchus  sp.,  occurrence  on  trompillo  in  Texas 103, 112 

Ulmus  spp.    See  Elm. 

Umbrella  China  tree.    See  Tree,  umbrella  China. 

TJncinula  spp. ,  occurrence  on  plants  in  Texas 67,  69,  81-82 

Uredinales,  determination  by  F.  D.  Kern 11 

Urocystis  anemones,  occurrence  on  wind  flower  in  Texas 105 

Uromyces  spp.,  occurrence  on  plants  in  Texas 38, 48,  49,  50,  83,  91,  94,  95,  97, 103 

Ustilago  spp.,  occurrence  on  plants  in  Texas 46,  47,  51, 105 

Valsa  leucostoma,  occurrence  on  fruit  trees  in  Texas 25,  28,  32 

Vegetation,  native  and  cultivated,  in  region  studied  in  Texas 18-22 

Verbesina  texana.    See  Crownbeard. 
Vernonia  sp.    See  Fire  weed. 
Viburnum  prunifolium.    See  Haw,  black. 
Vigna  imguiculata.    See  Cowpea. 
Vinca  rosea.    See  Periwinkle. 

Vincetoxicum  spp.,  diseases  in  Texas 103-104 

Viola  odorata.     See  Viole';. 

Violet,  diseases  in  Texas 89 

Virginia  creeper.    See  Creeper,  Virginia. 

Virgin 's-bower,  diseases  in  Texas 104, 110 

Vitex  agnus-castus.    See  Tree,  hemp. 
Vitis  spp.     See  Grape. 

Walnut,  occurrence  of  leaf-spot  in  Texas 81, 110 

Water  cress.    See  Cress,  water. 
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Wehmer,  C,  on  occiu-rence  of  Colletoti'ichum 36, 108 
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Whitening  of  the  cedar.     See  Cyanospora  albicedrae. 
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Wild  China  tree.     See  Tree,  wild  China. 

gourd.     See  Gourd,  M'ild. 

morning-glory.     See  Morning-glory. 

plants.     See  Plants,  wild. 

tobacco.     See  Tobacco,  wild. 
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Wind  flower.     See  Flower,  wind. 

Wistaria,  occurrence  of  leaf-spot  in  Texas 82 

Wither-tip,  occurrence  on  Citrus  spp.  in  Texas 27-28 

Wolf,  F.  A.,  and  Heald,  F.  D.     See  Heald,  F.  D.,  and  Wolf,  V.  A. 
Wood  sorrel.     See  Sorrel,  wood. 

Xanthium  spp.     See  Cocklebur. 

Yucca  spp.,  diseases  in  Texas 106, 109, 112 

Zanthoxylum  clava-herculis.     See  Ash,  prickly. 
Zea  mays.    See  Corn. 

Zimmerman,  A.,  determination  of  certain  plant  diseases 52 

Zinnia,  diseases  in  Texas 89, 109 
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Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  B.C.,  June  16,  1911. 
Sir:  I  have  tlie  honor  to  transmit  herewith  and  to  recommend  for 
piibhcation  as  Bulletin  No.  227  of  the  series  of  this  Bureau  the  accom- 
panying manuscript,  entitled  ''Seeds  and  Plants  Imported  during  the 
Period  from  October  1  to  December  31,  1910:  Inventory  No.  25; 
Nos.  28883  to  29327." 

This  manuscript  has  been  submitted  by  the  Agricultural  Explorer 
in  Charge  of  Foreign  Seed  and  Plant  Introduction,  with  a  view  to 
publication. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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SEEDS  AND  PLANTS  IMPORTED  DURING  THE 
PERIOD  FROM  OCTOBER  1  TO  DECEMBER  :!!, 
1910:  INVENTORY  NO.  25;  NOS.  28883  TO  29:!2T. 


INTRODUCTOHY  STATEMENT. 

The  present  inventory  includes  the  material  collected  during  the 
period  from  June  to  September,  1910,  by  Mr.  Frank  N.  Meyer,  the 
only  agricultural  explorer  in  the  field,  who  was  exploring  the  region 
which  lies  along  the  Zerafshan  Valle}''  and  in  the  vicinity  of  Samar- 
kand, Tashkend,  Old  Bokhara,  the  oasis  of  Merv,  Chartchui,  Andijan, 
Guldscha,  Terek-Dawan,  Osh,  Kostakos,  Kizil-Kurgan,  and  Khokan 
in  Russian  Turkestan,  and  the  cities  of  Kasligar,  Kan-Shugan, 
Ulukshat,  and  Irkestan  in  Chinese  Turkestan.  Although  Mr.  Meyer 
was  hindered  from  making  several  important  side  trips  which  had 
been  contemplated,  he  still  secured  during  his  stay  in  this  region 
141  dift'erent  specimens,  some  of  which  are  of  special  importance. 
Among  them  is  a  hardy  dwarf  Prunus  (Nos.  28943  and  28944)  from 
the  mountain  slopes  near  Wishist  at  an  altitude  of  3,000  to  7,000  feet, 
which  Mr.  Meyer  suggests  may  be  of  value  in  the  breeding  of  bushy 
forms  of  the  almond  or  as  a  stock  for  the  almond  in  dry  regions. 
Possibly  the  suggestion  of  an  economic  bush  cherry  may  be  realized 
by  American  breeders  and  Mr.  Meyer's  Prunus  frostrata  (No.  28945) 
and  Prunus  microcarpa  (No.  28946)  be  utilized  in  the  creation  of 
such  a  fruit,  while  the  various  forms  of  Prunus  cerasifera  divaricata 
(Nos.  28948  to  28951  and  No.  29224),  called  "Alitcha"  in  Turkestan, 
may  be  of  distinct  value  to  the  plum  breeders  because  of  their  early- 
fruiting  character,  their  remarkable  productiveness,  and  their  resist- 
ance to  drought  and  heat. 

The  apricot  growers  of  Turkestan  grow  varieties  which  have  sweet 
instead  of  bitter  kernels,  which  they  use  for  confectionery  purposes 
just  as  we  do  the  kernels  of  the  almond.  Mr.  Meyer  has  imported  11 
varieties  of  these  (Nos.  28953  to  28962  and  No.  29223)  and  recom- 
mends that  the  whole  subject  of  the  utilization  of  apricot  kernels  be 
studied.  This  may  resolve  itself  into  a  comparison  between  the  price 
of  the  kernels  as  a  source  of  prussic  acid  and  their  price  as  a  table 
delicacy. 
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Probably  there  is  no  work  so  extensive  and  successful  in  the  bind- 
ing of  drifting  desert  sands  as  that  carried  on  at  Chart chui,  Turkestan, 
by  the  Russian  Government.  The  railroad,  which  was  previously 
in  continual  danger  of  being  covered  by  shifting  sand  dunes,  has 
been  completely  protected  by  the  use  of  certain  drought  and  alkali 
resistant  plants,  seeds  of  which  Mr.  Meyer  secured  for  similar  experi- 
ments in  this  country  (Nos.  28973  to  28977). 

The  oleaster  is  remarkable  for  its  extreme  hardiness  and  resistance 
to  drought,  and  the  importation  by  Mr.  Meyer  of  a  large-fruited  form 
(No.  29225)  will  interest  the  horticulturists  of  the  Northwest,  who 
are  beginning  to  see  the  possibilities  of  this  plant  as  a  hardy  fruiting 
shrub. 

The  rose  breeders  will  be  interested  in  the  wild  roses  from  this 
region  (Nos.  29251  to  29258);  the  melon  growers,  in  an  unusual  col- 
lection of  watermelons  and  muskmelons;  the  nut  growers,  in  the 
almond  and  Afghanistan  pistache;  the  currant  breeders,  in  the  black 
and  red  currants  which  Mr.  Meyer  has  secured. 

Of  material  sent  in  by  correspondents,  it  is  worth  while  to  em- 
phasize a  new  relative  of  the  guava,  Psidium  ara^a  (No.  28911), 
from  Minas  Geraes,  which  is  said  to  be  sweeter  in  taste  than  the 
guava;  a.  new  variety  of  alfalfa,  which  originated  in  Norway  and 
which  is  reported  to  be  hardier  and  larger  than  the  ordinary  types 
grown  there  (No.  28919);  three  distinct  varieties  of  the  Chinese 
jujube  (Nos.  28926  to  28928);  a  remarkable  citrus  relative  which 
lives  on  the  seashore  in  mangrove  swamps  in  India  (No.  28933);  a 
quantity  of  the  wild  wheat  of  Palestine  for  use  in  breeding  drought- 
resistant  varieties  (No.  29026);  a  leguminous  plant,  Cassia  mimo- 
soides,  from  Assam,  recommended  as  a  cover  crop  in  banana  plan- 
tations to  keep  down  the  weeds  (No.  29031);  the  kameel-doorn  of 
South  Africa,  an  extremely  hard-wooded,  drought-resistant  tree  (No, 
29046);  Passifiora  ligularis  (No.  29090),  from  Mexico,  and  a  variety 
from  Java  (No.  29319),  relatives  of  the  southern  maypop,  for  breed- 
ing experiments  with  this  fruit ;  one  of  the  largest  of  the  large-leaved 
trees  of  the  Chinese  forests  from  Hupeh,  central  China  (No.  29095); 
a  new  hybrid  of  the  giant  wdld  rose  from  Burma,  Eosa  gigantea  (No. 
29096) ;  the  Paraguayan  tea  plant,  from  which  the  mate  of  South 
America  is  made,  a  drink  as  highly  prized  by  millions  of  South 
Americans  as  tea  is  by  Europeans  (No.  29097) ;  four  varieties  of  Jap- 
anese sugar  cane  for  trial  as  a  forage  plant  in  the  South  (Nos.  29106 
to  29109);  four  species  of  tropical  persimmons,  related  to  the  edible 
oriental  species,  from  the  island  of  Ceylon  (Nos.  29111  to  29114),  for 
the  breeders  of  this  fruit;  the  yeheb-nut  plant,  a  newly  discovered 
leguminous  shrub  which  occurs  in  the  poor  sandy  soils  of  the  dry 
regions  of  Italian  Somaliland  and  produces  nuts  which  are  so  sweet 
and  nutritious  that  in  their  season  the  Somaliland  natives  live  on 
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them  in  preference  to  rice  and  dates;  a  spineless  lime  and  a  seed- 
less lime  from  Trinidad  (Nos.  29123  and  29124);  the  Aomori  chestnut 
from  Hokushu,  Japan  (No.  29132);  the  Sampson  tangelo,  a  hybrid 
between  the  pomelo  and  the  tangerine  which  has  been  originated  by 
the  Office  of  Crop  Physiology  and  Breeding  Investigations  (No. 
29159);  and  the  Etonia  or  flowering  citrange,  a  hybrid  between  the 
common  orange  and  tlie  hardy  Japanese  trifoliate  orange  which 
promises  to  be  a  remarkable  ornamental  tree,  witli  its  large  white 
blossoms  which  nearly  hide  the  foliage  (No.  29160),  also  a  product 
of  the  same  office. 

This  inventory  was  prepared  by  Miss  Mary  A.  Austin,  and  the 
botanical  determinations  are  those  of  Mr.  H.  C.  Skeels,  working  under 
the  supervision  of  Mr.  Frederick  V.  Coville,  of  the  Office  of  Taxo- 
nomic  and  Range  Investigations. 

David  Fairchild, 
Agricultural  Exj^lorer  in  Charge. 

Office  of  Foreign  Seed  and  Plant  Introduction, 

Washington,  D.  C,  May  16,  1911. 
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28883  and  28884. 

From  Teneril'fo,  Canary  Islands.     Procured  by  Mr.  Ross  J.  Hazeltine,  American 
vice  consul,  from  Sefior  Luis  Diaz.     Received  October  3,  1910. 
Cuttings  of  the  following: 

28883.  Prunus  akmeniaca  L.  Apricot. 
Yellow. 

28884.  Prunus  sp.  Plum. 
Yellow.     "One  of  the  finest  I  have  ever  seen."     (Hazeltine.) 

28885.  HoRDEUM  spontaneum  Koch.  Barley. 

From  Haifa,  Palestine.  Presented  by  IVIr.  Aaron  Aaronsohn,  director,  Jewish 
Agricultural  Experiment  Station.     Received  October  3,  1910. 

28886.  Spondias  sp. 

From  Mauritius.  Presented  by  Mr.  G.  Regnard,  Port  Louis,  Mauritius.  Received 
October  14,  1910. 

"This  is  much  like  the  species  dulcis  as  regards  appearance  of  the  tree  and  fruit, 
but  not  the  seeds.  The  only  specimen  in  Mauritius  grows  at  the  Botanical  Gardens, 
Pamplemousses;  it  has  not  been  classified  and  eeems  not  to  have  been  noticed." 
(Regnard.) 

28887.  Carica  papaya  L,  Papaya. 

From  Camp  Overton,  Mindanao,  Philippine  Islands.  Presented  by  Maj.  Charles 
H.  Muir,  Twenty-third  Infantry,  Fort  Clark,  Tex.,  through  Mr.  E.  C.  Green, 
in  charge.  South  Texas  Plant  Introduction  Garden,  Brownsville,  Tex.  Re- 
ceived October  3,  1910. 

"This  seed  is  from  the  best  variety  of  this  fruit  I  have  ever  met  with  in  either  the 
Philippines  or  Cuba;  it  is  spoken  of  as  the  Dapitan  by  some  and  as  the  Java  by  others." 

(Muir.) 

28888  to  28893.     Vigna  unguiculata  (L.)  Walp.  Cowpea. 

From  the  Province  of  Para,  near  the  town  of  Bragan^a,  Brazil.  Presented  by 
Mr.  Walter  Fischer,  acting  director,  Campo  de  Cultura  Experimental  Paraense, 
Para,  Brazil.     Received  October  3  and  4,  1910. 

Seeds  of  the  following: 

28888.  Large  brown  eye. 

28889.  Pinkish  clay-colored  seeds. 

28890.  Brownish  clay-colored  seeds. 

28891.  Reddish  brown. 

28892.  Under  color  brownish  clay  thickly  marked  with  purplish  lines  or 
marblings. 

28893.  Like  the  preceding,  except  that  the  ground  color  is  almost  completely 
obscvu-ed  by  the  purple  marblings. 

"The  two  preceding  numbers  (I  believe  one  of  them  is  a  hybrid  with  some  speckled 
variety)  are  said  to  give  a  luxmiant  growth  of  foliage,  but  further  than  this  I  heard 
nothing."     (Fischer.) 
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28894.     Rajania  pleioneura  Griseb.  "Waw-waw 

From  Dominica,   British  West  Indies.     Presented  by  Mr.  J.  Jones,   curator, 
Botanic  Station.     Received  October  6,  1910. 

"The  'waw-waw'  is  a  native  of  Dominica.  It  occm-s  wild  in  the  forests  and  does 
best  in  the  deep  shade.  It  is  not  cultivated  in  this  island,  probably  because  an 
abundance  of  fhe  yam  can  be  obtained  by  digging  in  the  forest. 

"The  '  waw-waw '  is  considered  by  many  people  to  be  superior  to  the  yams  produced 
by  the  dioscoreas."     {Jones.) 

Distribution.— Common  in  the  woods  on  the  island  of  Dominica,  and  in  Cuba  and 
Porto  Rico. 

28895  to  28898.     Coffea  arabica  L.  Coffee. 

From  Reunion  Island.     Presented  by  Mr.  G.  Regnard,  Port  Louis,  Mauritius. 
Received  October  7,  1910. 
Seeds  of  the  following: 

28895  and  28896.     "  Cafe  du  Pays." 

28895.     From  Campon.  28896.     From  St.  Louis. 

28897  and  28898.     "  Cafe  le  Roy." 

28897.     From  Campon.  28898.     From  St.  Louis. 

28899.  SoLANUM  MURiCATUM  Ait.  Pepino. 

From  Grand  Canary,  Canary  Islands.     Presented  by  Mr.  M.  Moniz,  American 
consular  agent  pro  tem.,  at  the  request  of  Mr.  Ross  J.  Hazeltine,  American 
consul,  Teneriffe.     Received  October  8,  1910. 
See  No.  23650  for  description. 

28900.  DiosPYROS  discolor  Willd.  Persimmon. 

From  Iloilo,  Panay,  Philippine  Islands.     Presented  by  Mr.  J.  B.  O.  Colman, 
Bureau  of  Public  Works.     Received  October  7,  1910. 
"This  is  a  species  of  persimmon  which  has  a  thick  and  pleasantly  flavored  meat. 
The  fruits  from  which  these  seeds  were  taken  were  unusually  large  and  perfect." 
(Colman.) 
See  No.  26612  for  further  description. 

28901  and  28902.  Pittosporum  spp. 

From  Greendale,  Canterbury,  New  Zealand.     Presented  by  Mr.  T.  W.  Adams. 
Received  October  14,  1910. 
Seeds  of  the  following: 

28901.  Pittosporum  ralphii  Kirk. 

Distribution. — In  the  Patea  district  on  the  southern  coast  of  North  Island, 
and  on  the  Great  Barrier  Island,  off  the  northern  coast  of  North  Island,  New 
Zealand. 

28902.  Pittosporum  tenuifolium  Gaertn. 

Distribution. — Along  the  eastern  coasts  of  the  islands  of  New  Zealand  extend- 
ing from  the  northern  island  southward  to  the  province  of  Otago. 

"These  are  small,  hardy  trees  that  will  bear  20  degrees  of  frost,  but  I  suppose 
they  will  not  be  hardy  at  Washington,  D.  C.     (Adams.) 
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28903  to  28905. 

The  following  material  presented  by  Dr.  Walter  Van  Fleet  to  the  Plant  Introduction 
Garden,  Chico,  Cal.,  November  30,  1909.     Numbered  October  17,  1910. 

28903.  Berberis  (vulgaris  X  thunbergii)  X  stenophylla.     Barberry. 
"An  interesting  blend,  combining  blood  of  four  species:  Berberis  stenophylla 

Lindl.,  being  a  supposed  hybrid  of  B.  empetrifolia  and  B.  darwinii,  an  evergreen 
species  from  southern  Chile.     One  plant  has  light-purple  foliage  and  the  droop- 
ing habit  of  B.  thunbergii.     (P.  I.  G.  No.  8395.)"     ( Van  Fleet.) 
Plants. 

28904.  QUAMASIA   LEICHTLINII    X    CUSICKII. 

"A  fine,  vigorous  hybrid,  intermediate  between  parent  species.     These  bulbs 
are  six  years  from  seed.     Grown  at  my  place  in  Little  Silver,  N.  J.     (PIG 
No.  G291.)"     (Van  Fleet.) 

28905.  Iris  albopurpurea  Baker. 

"A  beautiful  large-flowered  iris  from  Japan,  allied  to  /.  laevigata.    Fall  petals 
white,  marbled  blue.     (P.  I.  G.  No.  8394.)"     (Van  Fleet.) 

28906.  Stizolobium  aterrimum  Piper  and  Tracy.      Mauritius  or 

Bengal  bean. 

From  Herbert  River,  Queensland.     Presented  by  Mr.  J.  H.  Maiden,  director, 

Botanic  Gardens,  Sydney,  Australia,  who  obtained  them  from  the  Macknade 

mill  of  the  Colonial  Sugar  Refining  Co.     Received  October  15,  1910. 

"This  species  is  considerably  cultivated  in  the  island  of  Mauritius,  Brazil,  New 

Zealand,  and  Australia.     It  much  resembles  the  Florida  velvet  bean,  but  the  vines 

grow  larger  and  the  seeds  matiu-e  considerably  later.     This  variety  is  so  late,  in  fact, 

that  it  matures  in  this  country  only  in  the  southern  half  of  Florida."     (Piper.) 

28907.  Saccharum  spontaneum  L. 

From  Sibpur,  Calcutta,  India.  Presented  by  Maj.  A.  T.  Gage,  superintendent, 
Royal  Botanic  Garden.  Received  October  17,  1910. 
"A  coarse  perennial  grass,  with  long  creeping  roots,  abundant  throughout  India  and 
up  to  6,000  feet  in  the  Himalayas.  This  grass  is  largely  used  as  a  thatching  material, 
and  the  leaves  are  manufactured  into  ropes,  mats,  etc.  It  is  a  favorite  fodder  for 
buffaloes  and  is  also,  when  young,  given  to  elephants.  Native  name,  Kans."  (C.  V. 
Piper.) 

28908.  Medicago  sativa  L.  Alfalfa. 

From  Ti-tao,  Kansu  Province,  western  China.  Presented  by  Mr.  Berthold  Laufer, 
Field  Museum,  Chicago,  111.,  who  procured  them  from  Mr.  D.  P.  Ekvall,  an 
American  missionary  of  Ti-tao.     Received  October  17,  1910. 

28909  to  28911.  Psidium  spp. 

From  Theophilo  Ottoni,  Minas  Geraes,  Brazil.  Presented  by  Mr.  Fred  Birch. 
Received  October  17,  1910. 

Seeds  of  the  following;  notes  by  Mr.  Birch: 

28909.  Psidium  guajava  L.  Guava. 

"Seeds  from  an  all-white  guava.     The  tree  bears  only  white  fruits,  which  are 
about  2  inches  in  diameter." 

28910.  Psidium  gu.ua va  L.  Guava. 
"Seeds  from  the  largest  and  finest  tasting  guava  I  have  ever  seen  or  tried. 

It  was  nearly  3  inches  in  diameter,  and  the  flesh  and  jelly  were  pinkish  red  as 
in  the  common  varieties.     The  tree  grows  by  a  stream  near  Theophilo  Ottoni, 
Minas  Geraes,-  and  most  of  the  fruits  have  comparatively  few  seeds." 
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28909  to  28911.— Continued. 

28911.     PsiDiuM  ARA5A  Raddi.  Guava. 

•'The  araga  grows  to  about  15  feet  (the  size  of  a  hazel),  and  the  very  pleasant 
sweet  fruits  are  about  an  inch  or  an  inch  and  a  quarter  in  diameter.  With  good 
cultivation  I  feel  sure  it  could  be  improved.  The  fruits  are  just  like  small 
guavas,  clear  yellow  when  ripe.  They  taste  sweeter,  however,  and  would  make 
excellent  preserves." 

See  No.  26757  for  previous  introduction. 

28912.  Irvingia  gabonensis  (Aubry-Lecomte)  Baill.  Oba. 

From  Victoria,  Kamerun,  Africa.  Presented  by  Mr.  F.  A.  Deistel,  director  of  the 
experiment  station,  at  the  request  of  the  Imperial  Colonial  Office  at  Berlin, 
Germany.     Received  October  8,  1910. 

This  is  a  tree  30  to  50  feet  high,  with  shining  leaves,  which  produces  edible  fruit 
said  to  be  about  2 J  inches  in  diameter.  The  seeds  are  the  som-ce  of  "Dika  butter." 
This  is  called  "wild  mango''  by  the  English  residents  of  Princes  Island,  where  it 
grows.     It  is  also  reported  from  the  Muni  and  Kamerun  rivers  in  western  Africa. 

28913.  Ipomoea  tubergulata  Ker. 

Grown  at  Brookland,  D.  C,  and  presented  by  Miss  Carrie  Harrison,  of  the  Bureau 
of  Plant  Industry,  October,  1910. 

"Last  spring  I  purchased  in  the  Center  Market  of  Washington  a  promising  young 
perennial  plant  said  to  be  a  passion  flower.  It  was  planted  in  a  corner  with  a  choice 
of  tumbling  over  a  wall,  following  wires  and  climbing  a  tree,  or  trailing  on  the  ground; 
it  did  all  three  with  a  decided  preference  for  trailing.  About  August  it  produced  a 
few  pinkish-violet,  morning-glory  blooms  with  a  pansy-purple  center,  so  far  as  I  know 
the  most  decorative  of  the  order. 

"This  species  has  been  in  cultivation  since  1815,  is  from  the  East  Indies,  and  prob- 
ably reached  the  market  from  the  Botanical  Gardens  in  Washington,  D.  C,  ^^hc^e 
they  have  some  plants  growing.  It  belongs  to  the  group  which  contains  the  sweet 
potato. 

"It  has  a  large  spiral  root  and  sends  out  about  30  branches,  each  between  20  and  30 
feet  long.  The  enormous  growth  would  make  it  a  desirable  forage  plant,  and  as  closely 
related  species  in  India  are  used  for  this  purpose  the  presvmption  is  in  its  favor.  The 
general  aspect  of  leaves  and  branches  is  that  of  Alcehia  qidnata.  It  will  have  to  be 
grown  from  cuttings,  quite  an  easy  matter,  as  it  roots  at  the  leaf  nodes,  because  it 
would  not  bear  fruit  out  of  doors  north  of  Washington,  D.  C."    {,Earrison.) 

Cuttings. 

28914.  Lapageria  rosea  R.  and  P.  Chilean  bellflower. 

From    Coquimbo,    Chile.     Presented   by   Mr.    Andrew   Kerr,    consular   agent. 
Received  October  15,  1910. 
See  No.  14948  for  previous  introduction  and  description. 

28915  to  28917.  Solanum  spp.  Wild  potato. 

Collected  by  Mr.  J.  C.  Bluaer,  Tucson,  Ariz.     Received  October  27,  1910. 
Tubers  of  the  following;  notes  by  Mr.  Blumer: 

28915  and  28916.  "Collected  October  5,  1910,  on  the  steep  northeast  slope 
of  the  Santa  Catalina  Moimtains,  at  an  elevation  of  7,800  feet,  under  white 
and  Douglas  fir,  in  fine  humous  loam.  Vines  fresh,  succulent,  and  fruit- 
ing.    Slope  burned  clean  in  June." 

28917.  "Collected  October  17,  1910,  on  Rincon  Mountains,  at  Spud  Ranch 
camp  site.  Since  potatoes  were  once  cultivated  here  these  purplish  tubers 
may  be  escaped  from  cultivation. " 
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28918  to  28922. 

From   Christiania,   Norway.     Presented  by  Prof.   Dr.   Wille,  director,   Botanic 
Garden.     Received  October  24  and  25,  1910. 
Seeds  of  the  following: 

28918.  Medicago  palcata  L. 

28919.  Medicago  sativa  L.  Alfalfa. 
Variety  viallhei.     "This  is  a  new  variety  which  has  not  yet  been  described 

and  which  is  larger  and  much  hardier  than  the  main  variety.  Medicago  saliva 
is  used  very  little  in  Norway  for  its  economic  importance,  as  it  is  not  very 
hardy.  A  dealer  in  dyestuffs,  0.  Malthe,  was  very  much  interested  in  this 
question.  He  experimented  and  finally  succeeded  in  discovering  this  variety 
and  endeavored  to  disseminate  it.  The  farmers,  however,  did  not  want  to 
cultivate  lucern  because  they  find  Trifolium  praiense  and  Phleumpraiense  more 
profitable. 

"I  wish  to  call  your  attention  to  the  fact  that  the  seed  of  M.  sativa  \ai. 
malihei  may  possibly  represent  crosses  with  the  closely  related  main  variety; 
however,  only  to  a  limited  extent.  If  all  the  seeds  are  planted  some  plants  of 
the  pure  variety  will  likely  be  obtained."     (Wille.) 

28920.  Medicago  sativa  varia  (Mart.)  Urb.  Sand  lucern. 

28921.  Melilotus  sulcata  Desf. 

Distribution. —Throughout  the  Mediterranean  region  from  Portugal  and  the 
Canary  Islands  to  Palestine,  and  in  the  oases  of  the  Libyan  Desert. 

28922.  Trigonella  caerulea  (L.)  Ser. 
See  No.  27146  for  previous  introduction. 

28923  to  28925.  Asparagus  spp.  Asparagus. 

From  Tunis,  northern  Africa.     Presented  by  Mr.  L.  Guillochon,  Jardin  d'Essais  de 
Tunis.     Received  October  27,  1910. 
Seeds  of  the  following: 

28923.  Asparagus  crispus  Lam. 

Distribution. — In  the  coast  region  of  Cape  Colony  in  the  vicinities  of  Hope- 
field,  Table  Mountain,  Simons  Bay,  and  in  British  Kaffraria. 

28924.  Asparagus  officinalis  L. 

28925.  Asparagus  sprengeri  Regel. 

Distribution. — The  vicinity  of  Port  Natal  in  Natal,  South  Africa.  Com- 
monly cultivated  in  the  United  States  as  an  ornamental  house  plant. 

28926  to  28928. 

From  China.  Presented  by  Mr.  T.  J.  League,  Tsingtau,  China,  who  obtained 
them  through  Rev.  G.  E.  Baker,  English  Baptist  Mission,  Tsingchowfu,  Shan- 
tung, China.     Received  October  27,  1910. 

Cuttings. 

Note. — Three  tubes  were  received  in  this  shipment,  although  from  Mr.  League's 
lettei  it  would  appear  that  four  different  lots  of  material  were  sent.  There  were 
apparently  no  markings  on  either  tubes  or  cuttings,  so  S.  P.  I.  numbers  could  be 
assigned  only  to  the  three  bundles.  The  notes  on  this  material,  furnished  by  Mr. 
League,  appear  on  the  following  page. 
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28926  to  28928— Continued. 
ZiziPHUs  JUJUBA  Miller. 

This  being  an  unusual  name  for  the  common  jujube,  the  following  dates  and 
synonyms  are  given  to  avoid  confusion: 

Ziziphus  jujuha  Miller  1768.  (Rhamnus  zizyphus  L.  1753,  Z.  sativa  Gaertn. 
1788,  Z.  vulgaris  Lam.  1789,  not  Z.  jujuha  (L.)  Lam.  1789.)  See  No.  28129 
for  further  information. 

"Ch'ang  Hung  tsao.     (Long  red  'date '  or  jujube.) 

Yuan  Ling  tsao.     (Foremost  honorable  'date'  or  jujube.) 

Hsiao  tsao.    (The  small  'date'  or  jujube.)" 
DiosPYROS  sp.  (?)  Persimmon. 

Juan  tsao.  "A  wild  persimmon  on  which,  as  a  stock,  they  graft  the  edible 
persimmon." 

28929.     Arachis  hypogaea  L.  Peanut. 

From  Kia-ying  chau,  China.     Presented  by  Mr.  George  Campbell.     Received 
November  2,  1910. 
"These  seem  to  be  more  drought  resistant  than  some  received  from  the  States. 
The  plants  also  have  a  running  habit."     {Campbell.) 

28930  to  28932. 

From  Costa  Rica.     Presented  by  Seiior  don  Anastasio  Alfaro,  secretary  of  the 
Society  of  Agriculture,  San  Jose,  through  Mr.  Lyster  H.  Dewey,  Botanist  in 
Charge  of  Fiber-Plant  Investigations.     Received  October  4,  1910. 
Notes  on  the  following  by  Mr.  Dewey: 

28930.  Agave  fouecroydes  Lem.  Henequen. 
"Bulbils  and  suckers  from  plants  introduced  in  the  garden  of  the  Museum  of 

San  Jose,  Costa  Rica,  supposed  to  have  come  from  Mexico. 

"These  plants  appear  to  be  the  same  type  as  those  cultivated  for  fiber  pro- 
duction in  Yucatan . 

"The  fiber  from  the  leaves  of  this  plant  is  called  sisal  in  English-speaking 
countries.  It  is  used  more  than  all  other  fibers  combined  in  the  manufacture 
of  binder  twine.  The  true  sisal  plant.  Agave  sisalana  Perrine,  is  a  distinct 
species  having  a  wider  range  but  not  so  extensively  cultivated." 

Distribution. — The  provinces  of  Yucatan  and  Campeche  in  Mexico.  Culti- 
vated in  Tamaulipas,  Sinaloa,  and  Chiapas  in  Mexico,  in  Cuba,  and  in  German 
East  Africa. 

28931.  Agave  sp.  Agave. 
"Young  plants  collected  on  the  island  in  the  Gulf  of  Nicoya  on  the  Pacific 

coast  of  Costa  Rica. 

"These  plants  belong  to  the  narrow-leaved  group  of  the  large  agaves  and 
may  be  useful  for  the  production  of  fiber." 

28932.  FuRCRAEA  sp.  Cabuya. 
"Bulbils  and  young  plants  from  the  garden  of  the  Museum  of  San  Jose, 

Costa  Rica.    Collected  by  Senor  don  Adolfo  Tonduz. 

"This  species  belongs  to  the  group  of  furcraeas  that  are  being  cultivated  in 
Costa  Rica  for  the  production  of  fiber." 
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28933.     GoNociTRus  angulatus  (Willd.)  Kurz. 

From  India.  Presented  by  Maj.  A.  T.  Gage,  superintendent,  Royal  Botanic 
Garden,  Sibpur,  Calcutta,  India.     Received  October  31,  1910. 

"This  is  a  large  s-^irub  or  timall  tree  growing  on  the  seashore  in  mangrove  swamps 
and  presumably  able  to  endure  a  high  degree  of  salinity  in  the  soil.  It  is  armed  with 
ferocious  spines  half  an  inch  long  that  usually  occur  in  pairs  at  the  side  of  the  leaves. 
The  fruit  is  most  curious,  being  angled,  and  contains  a  few  very  large  seeds  embedded 
in  a  gum  so  sticky  that  Rumphius  compared  it  to  birdlime. 

"The  fact  that  this  plant  grows  only  along  the  seashore  in  mangrove  swamps  would 
lead  us  to  believe  that  it  possesses  high  powers  of  alkali  resistance,  since  sea  water 
contains  over  3  per  cent  of  dissolved  salts  and  the  mangrove  and  other  plants  growing 
in  the  mangrove  swamps  are  able  to  withstand  unusually  large  amounts  of  dissolved 
salts  in  the  soil."     {W.  T.  Swingle.) 

Distribution. — In  the  mangrove  swamps  and  tidal  forests  along  the  coasts  from  the 
mouths  of  the  Ganges  south  of  Calcutta  eastward  to  the  Molukka  Islands. 

28935  to  28939. 

From  Aintab,  Turkey,  Asia.     Presented  by  Mr.  H.  H.  Bakkalian,  secretary  to 
Mrs.  F.  A.  Shephard.     Received  October  19,  1910. 
Seeds  of  the  following: 

28935.  CiCER  AEiETiNUM  L.  Chick-pea. 

28936.  Lathyrus  sativus  L. 

28937.  Lens  esculenta  Moench.  Lentil. 

28938.  Medicago  palcata  L. 

28939.  ViciA  ERViLiA  (L.)  Willd. 

28940  and  28941.  Medicago  falcata  L. 

From  Copenhagen,  Denmark.  Presented  by  Mr.  Axel  Lange,  curator.  Botanic 
Garden,  Copenhagen  University.     Received  October  31,  1910. 

28942  to  29012. 

From  Turkestan.     Received  through  Mr.  Frank  N.  Meyer,  agricultural  explorer, 
October  18,  1910. 
Seeds  of  the  following: 

28942.  Prunus  sp.  Buckthorn  almond. 

From  Zerafshan  Valley,  near  Sangar,  Samarkand,  Turkestan.  "(No.  1342a, 
July  14,  1910.)  A  central  Asian  form  of  buckthorn  almond,  found  on  stony, 
sterile,  sunburned  mountain  sides  at  elevations  of  4,000  to  6,000  feet.  Of  possi- 
ble value  as  a  stock  for  almonds  and  peaches  in  dry  and  hot  regions.  Out  of 
the  bitter  kernels,  collected  from  the  wild  trees,  the  natives  of  Turkestan  pro- 
duce an  oil  which,  after  heating,  can  be  used  for  culinary  purposes."     (Meyer.) 

28943.  Prunus  lycioides  (Spach)  Schneider.  Buckthorn  almond. 

From  Zerafshan  Valley,  near  Wishist,  Samarkand,  Turkestan.  "(No.  1343a, 
July  14,  1910.)  A  spiny  buckthorn  almond  of  shrubby  habits  growing  from  3 
to  8  feet  in  height  and  found  on  stony  and  rocky  mountain  slopes  and  in  cliffs 
at  elevations  of  3,000  to  7,000  feet  above  sea  level.  Of  possible  use  in  breeding 
a  bushy  type  of  almond  or  as  a  stock  for  almonds  and  peaches  in  dry,  hot  re- 
gions. Oil  is  produced  from  the  kernel  of  this  the  same  as  from  No.  28942." 
(Meyer.) 
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28942  to  29012— Continued. 

28944.  Prunus  lycioides  (Spach)  Schneider.  Buckthorn  almond. 
From  Zerafshan  Valley,  near  Wiehist,  Samarkand,  Turkestan.     "(No.  1344a, 

July  14,  1910.)  A  large-fruited  variety  of  the  preceding  number,  to  which 
the  same  remarks  apply."     {Meyer.) 

28945.  Prunus  prostrata  Labil.  Bush  cherry. 
From  mountains  near  Stood  and  Peki,  Samarkand,  Turkestan.     "(No.  1345a, 

July  9  to  11,  1910.)  A  bush  cherry  found  on  stony  and  sterile  mountain  slopes 
and  in  cliffs.  Grows  from  1  to  8  feet  tall  and  bears  multitudes  of  small  red 
cherries  of  a  sour  taste  that  vary  much  in  flavor  and  size  on  different  plants. 
This  cherry  apparently  stands  a  great  deal  of  cold  and  drought .  After  some 
improvement  it  might  be  made  into  a  fruit  for  the  home  garden  in  the  more 
northern  sections  of  the  United  States.  It  m.ay  possibly  be  hybridized  with 
the  large-fruited  sweet  and  sour  cherries  and  therewith  give  rise  to  a  race  of 
bush  cherries  suitable  for  growing  in  the  drier  sections  of  the  United  States. 
It  may  also  be  tested  as  a  possible  dwarfing  stock  for  cherries  in  dry  and  sterile 
localities."     {Meyer.) 

See  also  remarks  under  No.  1331a  (S.  P.  I.  No.  28022). 

28946.  Prunus  microcarpa  C.  A.  Meyer.  Cherry. 
From  mountains  near  Bacharden,  Turkestan.     "(No.  1346a,  Jime  5,  1910.) 

A  wild  cherry  growing  into  a  tall  bush  up  to  10  feet  high.  Found  between 
stony  debris  in  dry  river  beds  and  on  rocky  mountain  sides.  Apparently 
stands  great  drought.  Perhaps  of  value  as  a  stock  for  cherries  in  stony  and 
dry  localities."     {Meyer.) 

See  also  remarks  under  Nos.  473  (S.  P.  I.  No.  27303)  and  1266a  (S.  P.  I. 
No.  27337). 

28947.  Prunus  sp.  Cherry. 
From  Askabad,  Turkestan.  "(No.  1347a,  June  9,  1910.)  A  small,  dark- 
red,  sour  cherry,  very  juicy;  said  to  come  from  Persia.  Used  stewed  in  com- 
potes, and  in  spirits.  To  be  tried  imder  irrigation  in  the  dry  and  hot  sections 
of  the  United  States."     {Meyer.) 

28948.  Prunus  cerasifera  divaricata  (Ledeb.)  Schneider.  Plum. 
From  Askabad,  Turkestan.     "(No.  1348a,  June  9, 1910.)    A  small  sour  plum, 

round,  not  larger  than  a  marble,  of  green  color,  with  red  cheek,  clingstone. 
Said  to  come  from  Persia.  Used  stewed  in  compotes  and  with  meats.  Called 
Alitcha.  To  be  tried  as  a  garden  fruit  under  irrigation  in  the  dry  and  hot  sec- 
tions of  the  United  States."     {Meyer.) 

28949.  Prunus  cerasifera  divaricata  (Ledeb.)  Schneider.  Plum. 
From  Askabad,  Turkestan.     "(No.  1349a,  June  9,  1910.)     A  small  sour  plum 

of  green  color,  larger  than  the  preceding  number,  but  otherwise  the  same 
remarks  apply  to  it.     Called  ^h'/c/io."     {Meyer.) 

Note.— "These  plums  are  apparently  not  grafted,  but  are  raised  from  seed. 
Although  small  and  sour,  their  early-fruiting  capacities  recommend  them  for 
hybridization  work."     {Meyer.) 

28950.  Prunus  cerasifera  divaricata  (Ledeb.)  Schneider.  Plum. 
From  Old  Bokhara,  Turkestan.     "(No.  1350a.  June  20,   1910.")    A  small, 

red,  round  phun  of  very  sweet  taste,  called  Alitchn.  Used  fresh  like  ordinary 
plums.     Of  value  like  preceding  numbers."     {Meyer.) 
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28942  to  29012— Continued. 

28961.     I'runus  cerasifera  divaricata  (Ledeb.)  Schneider.  Plum. 

From  Zerafshan  Valley,  near  Wishist,  Samarkand,  Turkestan.  "(No.  1351a, 
July  14,  1910.)  A  wild  plum  found  sparingly  along  watercourses  at  an  eleva- 
tion of  about  4,500  feet;  grows  as  a  dense  shrub  or  small  tree  and  bears  in  most 
remarkable  (luantities  small,  round,  green  plums  with  a  reddish  hue.  Owing 
to  their  great  productiveness  and  their  resistan(;e  to  long  j)eriods  of  drought 
and  heat  these  plums  may  prove  valuable  in  hybridizing  v  ork."  {Meyer.) 
28952.     Prunus  sp. 

From  near  Kulikalan,  Samarkand,  Turkestan.  "(No.  1352a,  July  9,  1910.) 
An  ornamental  species  of  Prunus  which  grows  to  be  a  small  tree;  it  has  large 
light-green  leaves  and  bears  long  racemes  of  small,  scarlet,  oval  fruits  of  a  sweet- 
bitter  taste.  Found  along  a  watercourse  in  the  mountains,  altitude  about 
6,000  feet.  Of  value  as  an  ornamental  park  and  garden  tree."  {Meyer.) 
28953  to  28962.     "The  following  numbers  of  apricots  should  be  sown  to 

obtain  some  superior  varieties  of  apricots  with  sweet  kernels  which  would 

bring  a  much  higher  price  on  the  market  than  the  present  bitter  kernels 

do."     {Meyer.) 

28953.  Prunus  armeniaca  L.  Apricot. 
From  Askabad,   Turkestan.     "(No.   1353a,  June  9,   1910.)    A  small 

pale-yellow  apricot,  flesh  rather  hard,  freestone,  kernel  large  and  sweet. 
Said  to  come  from  Persia."     {Meyer.) 

28954.  Prunus  armeniaca  L.  Apricot. 
From  Askabad,  Turkestan.     "(No.  1354a,  June  9,  1910.)    A  smooth- 
skinned  apricot  of  pale-yellow  color;  looks  like  a  nectarine.     Said  to 
have  come  from  Geok-tepe,  Turkestan."     {Meyer.) 

28955.  Prunus  armeniaca  L.  Apricot. 
From  Askabad,  Turkestan.     "(No.  1355a,  June  9,  1910.)     A  waxy- 
white  variety  of  apricot  of  a  very  sweet  and  melting  taste;  clingstone; 
sweet  kernel.     Said  to  come  from  northern  Persia."     {Meyer.) 

28956.  Prunus  armeniaca  L.  Apricot. 
From  Askabad,   Turkestan.     "(No.    1356a,   June  9,    1910.)    A  large 

orange-yellow  apricot  of  a  sweet  melting  taste;  somewhat  fibrous;  semi- 
clingstone;  kernel  sweet.     Said  to  come  from  Persia."     {Meyer.) 

28957.  Prunus  armeniaca  L.  Apricot. 
PVoni  Askabad,  Turkestan.     "(No.  1357a,  June  9,  1910.)     A  yellow 

apricot  of  remarkable  clingstone  properties."     {Meyer.) 

28958.  Prunus  armeniaca  L.  Apricot. 
From  Old  Bokhara,  Turkestan.     "(No.  1358a,  June  20,  1910.)    A  large 

pale-yellow  apricot  of  very  fine  aromatic  taste;  freestone;  kernel  large 
and  sweet."     {Meyer.) 

28959.  Prunus  armeniaca  L.  Apricot. 
From  Samarkand,  Turkestan.     "(No.  1359a,  July  3,  1910.)    A  large 

smooth-skinned  apricot  of  white  color  with  a  red  cheek;  looks  totally  un- 
like an  apricot.     Flesh  melting  and  sweet."     {Meyer.) 

28960.  Prunus  armeniaca  L.  Apricot. 
From    Dirdar,    Zerafshan    Valley,    Samarkand,    Turkestan.     "(No. 

1360a,  July  13,  1910.)    A  large  pale-yellow  apricot  of  melting  flavor; 
flesh  firm  and  sweet;  freestone;  kernel  sweet."    (Meyer.) 
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28961.  Prunus  armeniaca  L.  Apricot. 

From  Langar,  Zerafshan  Valley,  Samarkand,  Turkestan.  "(No. 
1361a,  July  13,  1910.)  An  orange-yellow  apricot;  flesh  firm  and  slightly 
subacid;    kernels  sweet.     Locally  much  used  dried."     {Meyer.) 

28962.  Prunus  armeniaca  L.  Apricot. 
From     Orono,     Zerafshan    Valley,     Samarkand,     Turkestan.     "(No. 

1362a,  July  12,  1910.)     A  fine  variety  of  apricot  of  pale-yellow  color; 
flesh  firm  but  sweet  and  melting;  kernels  sweet;  freestone."     {Meyer.) 

28963.  Amygdalus  persica  nectarina  Ait.  Nectarine. 
From  Samarkand,  Turkestan.    "(No.  1363a,  July  4,  1910.)     A  small  nectarine 

of  very  firm  flesh  and  of  subacid  flavor;  red  throughout;  from  a  distance  resem- 
bles a  crab  apple  more  than  anything  else.  Said  to  come  from  Char tchui." 
{Meyer.) 

28964.  CucuMis  melo  L.  Muskmelon. 
From  Merv,  Turkestan.     "(No.  1364a,  Jime  13,  1910.)     A  muskmelon  said 

to  be  very  sweet  and  early.  Obtained  from  a  native  dealer  in  Merv.  To  be 
tried  imder  irrigation  in  the  hot  and  dry  sections  of  the  southwestern  United 
States."     {Meyer.) 

28965.  CucuMis  melo  L.  Muskmelon. 
From  Merv,  Turkestan.     "(No.  1365a,  June  13,  1910.)     A  muskmelon  said 

to  be  very  sweet  but  later  than  the  preceding  number,  otherwise  the  same 
remarks  apply  to  it."     {Meyer.) 

28966.  CucuMis  sativus  L.  Cucumber. 

From  Askabad,  Turkestan.  "(No.  1366a,  June  7,  1910.)  A  Persian  variety 
of  greenish-yellow,  medium-long  cucumber,  said  to  be  early."     {Meyer.) 

28967.  CucuMis  melo  L.  Muskmelon. 
From  Old  Bokhara,  Turkestan.     "(No.  1357a,  June  21,  1910.)     A  fine  variety 

of  muskmelon,  being  early,  of  greenish-yellow  color,  small  size,  and  very 
sweet."     {Meyer.) 

28968.  CucuMis  melo  L.  Muskmelon. 

From  Askabad,  Turkestan.  "(No.  136Sa,  June  7,  1910.)  A  muskmelon  said 
to  be  of  very  fine  quality  and  very  sweet.  Obtained  from  a  Persian  seed  dealer. 
To  be  tried  like  No.  1364a  (S.  P.  I.  No.  28964)."     {Meyer.) 

28969  to  28971.     Citrullus  vulgaris  Schrad.  Watermelon. 

From  Tarasowka,  Podolsk,  Russia.  "(June,  1910.)  The  climate  of  Podolsk 
is  very  temperate  and  as  these  melons  seem  to  be  something  out  of  the  ordinary 
they  should  be  carefully  tested  in  a  temperate  section  of  the  United  States. 
They  were  obtained,  through  correspondence,  from  a  former  assistant. ' '    ( Meyer. ) 

28969.  "(No.  1369a.)    A  small-seeded  watermelon,  having  red  flesh 
and  said  to  be  of  very  fine  quality."     {Meyer.) 

28970.  "(No.  1370a.)     Like  the  preceding  number  but  with  white 
flesh."     {Meyer.) 

28971.  "  (No.  1371a.)     Like  the  preceding  numbers  but  with  yellow 
flesh."     {Meyer.) 
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28972.  Cappaius  spinosa  L.  Caper. 
From  near  Langar,  Zerafshan  Valley,  Samarkand,  Turkestan.     "(No.  1372a, 

July  13,  1910.)  The  well-known  caper  plant,  growing  on  the  driest  of  sun- 
burned mountain  slopes  and  having  roots  that  penetrate  yards  into  the  .soil 
and  between  cracks  in  rock  ledges.  Roots  sent  from  the  Caucasus  under  No. 
783  (S.  P.  I.  No.  2S126),  which  number  see  for  further  remarks."     (Meyer.) 

28973.  Salsola  arbuscula  Pallas. 

From  Chartchui,  Turkestan.  "(No.  1373a,  June  18,  1910.)  A  shrub  of 
peculiar  appearance,  having  no  leaves  but  instead  long,  slender,  green,  drooping 
branches.  Is  used  with  much  success  in  the  sand-binding  and  desert-reclama- 
tion work  along  the  central  Asian  railroads.  Recommended  for  the  dry  and 
hot  sections  of  the  United  States  for  various  purposes:  (1)  For  its  sand-binding 
properties;  (2)  as  an  ornamental  park  and  garden  shrub;  (3)  as  a  fuel  supply 
in  desert  regions. 

"These  seeds  should  be  sown  out  in  the  fall  and  kept  moist  until  the  young 
plants  appear  above  ground;  after  that  they  should  be  watered  sparingly. 

"Obtained  from  Mr.  W.  A.  Paletsky,  in  charge  of  sand-binding  operations 
along  the  railroads  in  central  Asia."     (Meyer.) 

28974.  Calligonum  caput-medusae  Schrenk. 

From  Chartchui,  Turkestan.  "(No.  1374a,  June  18,  1910.)  A  shrub  of  very 
much  the  same  appearance  as  the  preceding  number,  only  flowering  quite 
beautifully  toward  the  end  of  May  and  early  June.  Strongly  recommended, 
therefore,  as  an  ornamental  park  and  garden  shrub  in  desert  regions  where  high 
summer  temperatures  prevail,  but  where  the  mercury  does  not  drop  below  zero 
F.     See  preceding  number  for  further  remarks."     (Meyer.) 

28975.  Calligonum  aphyllum  (Pall.)  Guerke. 

From  Chartchui,  Turkestan.  "(No.  1375a,  June  18,  1910.)  A  tall  shrub  like 
the  preceding,  but  of  more  arborescent  growth  and  somewhat  less  ornamental; 
otherwise  all  remarks  made  on  preceding  numbers  apply  also  to  this  one." 
(Meyer.) 

28976.  Haloxylon  ammodendron  (C.  A.  Meyer)  Bunge.  Saxaul. 
From  Chartchui,  Turkestan.     "(No.   1376a,  June  18,   1910.)    The  famous 

saxaul  tree,  one  of  the  chief  fuel  supplies  of  the  deserts  and  oases  in  central 
Asia.  The  wood,  which  is  exceedingly  heavy  and  compact,  retails  at  20  to 
25  kopecks  a  pood  (40  pounds).  For  possible  uses  and  cultural  remarks  see 
preceding  numbers;  see  also  remarks  under  No.  1303a  (S.  P.  I.  No.  27802)." 
(Meyer.) 

28977.  Carex  physodes  Bieb. 

From  Chartchui,  Turkestan.  "(No.  1377a,  June  18,  1910.)  A  rare  species 
of  sedge,  native  of  the  desert,  used  in  sand-binding  work  along  the  central 
Asian  railroads.  To  be  tested  for  similar  purposes  in  the  arid  sections  of  the 
southwestern  United  States;  also,  as  a  possible  lawn  sedge  in  the  same  regions. 
Obtained  like  the  preceding  numbers."     (Meyer.) 

28978.  Rosa  xanthina  Lindl.  Rose. 
From  near  Kulikalan,  Samarkand,  Turkestan.     "(No.  1378a,  July  10,  1910.) 

A  very  spiny,  shrubby  rose,  bearing  in  early  summer  an  abundance  of  small, 
deep  butter-yellow  roses.  Found  on  stony,  sterile  mountain  dlopes  and  in 
ravines  at  altitudes  of  6,000  to  9,000  feet.  Recommended  for  hybridization 
work  to  create  perfectly  hardy  yellow  roses  and  as  an  ornamental  garden  shrub 
for  the  northern  United  States."  (Meyer.) 
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28979.  Rosa  xanthina  Lindl.  Rose. 
From  near  Pasroute,  Samarkand,  Turkestan.     "(No.  1379a,  July  11,  1910.) 

Apparently  the  same  as  the  preceding,  bxit  no  flowers  could  be  found.  Col- 
lected at  6,000  feet  elevation."     (Meyer.) 

28980.  Berberis  sp.  Barberry. 
From  near  Kulikalan,  Samarkand,  Turkestan.     "(No.  1380a,  July  10,  1910.) 

A  tall-growing  ornamental  barberry  found  at  elevations  from  5,000  to  10,000 
feet,  often  on  quite  sterile  places.  Bears  multitudes  of  large  racemes  of  yellow 
flowers.  Recommended  as  an  ornamental  park  and  garden  shrub  in  the  north- 
em  sections  of  the  United  States. 

"These  are  last  year's  seeds  and  were  collected  from  old  bushes  at  an  alti- 
tude of  about  10,000  feet.  In  these  regions  the  snow  disappears  by  about  the 
15th  of  May,  but  returns  again  the  last  days  of  September."     (Mcyrr.) 

28981.  LoNiCERA  sp.  Honeysuckle. 
From  near  Kulikalan,  Samarkand,  Turkestan.     "(No.  1381a,  July  10,  1910.) 

A  tall  bushy  honeysuckle  growing  on  dry  and  rocky  places,  preferably  between 
bowlders.  Found  at  an  altitude  of  about  6,000  feet  above  sea  level.  Bears 
yellow  berries.  Of  value  apparently  as  a  park  and  garden  shrub  in  the  north- 
ern sections  of  the  United  States."     (Meyer.) 

28982.  LoNicERA  sp.  Honeysuckle. 
From  near  Kulikalan,  Samarkand,  Turkestan.     "(No.  1382a,  July  10,  1910.) 

A  tall  bushy  honej'suckle  sometimes  growing  into  a  tree.  Bears  red  berries. 
Found  on  dry  and  rocky  places  at  elevations  of  5,000  to  8,000  feet.  Recom- 
mended like  the  preceding  number."     (Meyer.) 

28983.  CoLUTEA  sp. 

From  Zerafshan  Valley,  near  Wishist,  Samarkand,  Turkestan.  "(No. 
1383a,  July  14,  1910.)  A  Colutea  found  on  very  dry  and  rocky  mountain 
slopes;  bears  yellow  flowers  and  a  multitude  of  large  inflated  pods.  Of  value 
as  an  ornamental  garden  and  park  shrub  in  the  dry  sections  of  the  United 
States."     (Meyer.) 

28984.  Colutea  sp. 

From  near  Bacharden,  Turkestan.  "(No.  1384a,  June  4,  1910.)  A  Colutea 
found  amidst  stony  debris  and  rocks  on  arid  places.  Of  value  like  the  pre- 
ceding number."     (Meyer.) 

28985.  Acacia  sp. 

From  desert  near  Merv,  Turkestan.  "(No.  1385a,  June  14,  1910.)  A  spiny 
weed  growing  here  and  there  in  large  quantities  in  the  desert.  The  pods  seem 
to  possess  tanning  capacities  and  should  be  tested  for  these  qualities.  If  found 
to  be  possessed  of  sufficient  tannin,  this  plant  could  be  grown  commercially  in 
large  sections  of  the  southwestern  United  States."     (Meyer.) 

28986.  Medicaqo  minima  (L.)  Grufb. 

From  Baku,  Caucasus,  Russia,  "(No.  1386a,  May  26,  1910.)  A  bur  clover 
growing  here  and  there  on  very  dry  hill  slopes.  Recommended  as  a  winter 
herbage  for  cattle  in  the  moist  mild-winter  sections  of  the  United  States." 
(Meyer.) 

28987.  Trigonella  sp. 

From  near  Pasroute,  Samarkand,  Turkestan.     "(No.  1387a,  July  11,  1910.) 
Found  along  the  edge  of  a  wheat  field  at  about  6,000  feet  altitude.     Of  possible 
value  as  a  fodder  herb  or  as  green  manure  in  the  mountainous  sectionfl  of  the 
United  States."     (Meijer.) 
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28988.  Glaucium  ep. 

From  near  Bacharden,  Turkestan.  "(No.  1388a,  June  5,  1910.)  A  wild 
plant  with  yellow  red-spotted  flowers.  Of  possible  value  as  an  ornamental 
garden  annual."     {Meyer.) 

28989.  Datura  stramonium  L.  Jamestown  weed. 
From  Langar,  Zerafshan  Valley,  Samarkand,  Turkestan.     "(No.  1389a,  July 

13,  1910.)  The  seeds  of  this  plant  are  locally  used  by  the  Sart  population  as  a 
remedy  against  headache,  the  seeds  being  heated  in  oil  and  pounded  together 
with  it  into  a  pulp;  this  is  then  applied  to  the  temples  and  is  said  to  be  very 
efficient."     {Meyer.) 

28990.  Papaver  somniperum  L.  Poppy. 
From  Pendshikent,  Samarkand,  Turkestan.     "(No.  1390a,  July  7,  1910.)     A 

pure-white  variety  of  poppy  seed,  grown  locally  and  used  baked  on  cakes  and 
in  pastry;  also  expressed  for  the  sweet,  clear  oil  it  contains,  which  is  used  for 
culinary  purposes."     {Meyer.) 

28991.  Papaver  somniferum  L.  Poppy. 
From  Old    Bokhara,  Turkestan.     "(No.    1391a,   June   22,   1910.)    A   white 

variety  of  opium  poppy  used  for  the  same  purpose  as  the  preceding  number." 
{Meyer.) 

28992.  Phaseolus  radiatus  L. 

From  Kizil-Arvat,  Turkestan.  "(No.  1329a,  June  2,  1910.)  The  ordinary 
gram  or  mung  bean,  used  by  the  population  in  central  Asia  as  a  food;  boiled 
in  soups,  eaten  boiled  with  rice,  or  ground  into  flour;  mixed  with  flour  of  various 
cereals  and  baked  into  small  hard  cakes.  This  number  is  said  to  have  been 
imported  from  Persia."     {Meyer.) 

28993.  Phaseolus  radiatus  L. 

From  Old  Bokhara,  Turkestan.  "(No.  1393a,  June  22,  1910.)  A  rare  local 
variety  of  mung  bean  with  yellow  seeds;  used  boiled  in  soups."     {Meyer.) 

28994.  ViGNA  UNGUicuLATA  (L.)  Walp.  Cowpea. 
From  Old  Bokhara,  Turkestan.     "(No.  1394a,  June  22,  1910.)     A  very  large 

local  variety  of  cowpea,  used  in  soups  and  stews.  To  be  tried  under  irrigation 
in  the  hot  and  dry  sections  of  the  southwest  United  States."     {Meyer.) 

28995.  Andropogon  sorghum  (L.)  Brot.  Durra, 
From  Merv,  Turkestan.     "(No.  1395a,  June  13,  1910.)     A  good  quality  of 

djugara  used  by  the  native  population  for  making  flat  loaves;  also  eaten 
boiled  as  a  gniel.  To  be  tried  under  slight  irrigation  in  the  hot  and  dry  sections 
of  the  United  States."     {Meyer.) 

28996.  Andropogon  sorghum  (L.)  Brot.  Durra. 

From  Old  Samarkand,  Turkestan.  "(No.  1396a,  June  30,  1910.)  A  good 
quality  of  local  djugara  used  like  the  preceding  number."     {Meyer.) 

"These  represent  the  common  djugara  of  Turkestan,  a  white  durra  differing 
from  the  ordinary  form  found  in  northern  Africa  and  grown  in  the  United  States 
for  many  years  in  having  a  taller,  heavier  stalk  and  more  compact  heads,  nearly 
all  of  them  pendent.  It  has  been  introduced  several  times  before."  {Carleton 
R.  Ball.) 

28997.  Panicum  miliaceum  L.  Proso. 
From  Old  Samarkand,  Turkestan.     "(No.  1397a,  June  30,  1910.)     A  large 

white-seeded  local  variety  of  proso,  grown  by  the  Sart  population  in  the  oasis  of 
Samarkand.    To  be  tested  like  preceding  numbers."     {Meyer.) 
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28998.  Panicum  mill4.ceum  L.  Proso. 
From  OM  Sa»narkand,  Turkestan.     "(No.  1398a,  June  30,  1910.)     A  large 

whitish-seeded  variety  of  proso.  Other  remarks  on  preceding  number  apply 
also  to  this . "     ( Meyer . ) 

28999.  Panicum  miliaceum  L.  Proso. 

From  Old  Samarkand,  Turkestan.  "(No.  1399a,  June  30,  1910.)  A  large 
yellow-seeded  variety  of  proso.  To  be  tested  like  preceding  numbers." 
(Meyer.) 

29000.  Chaetochloa  italica  (L.)  Scribn.  Italian  millet. 
From  Old  Samarkand,  Turkestan.     "(No.  1400a,  June  30,  1910.)    A  white 

variety  of  m  illet . "     ( Meyer . ) 

29001.  Chaetochloa  italica  (L.)  Scribn.  Siberian  millet. 

From  Old  Samarkand,  Turkestan.  "(No.  1401a,  June  30,  1910.)  A  red 
variety  of  millet. 

"The  remarks  made  on  preceding  numbers  apply  also  to  these."     (Meyer.) 

29002.  EcHiNOCHLOA  frumentacea  (Roxb.)  Link. 

From  Old  Samarkand,  Turkestan.  "(No.  1402a,  June  30,  1910.)  A  local 
variety  of  Japanese  millet,  used  as  food  by  the  poorest  classes.  This  seed  was 
sifted  out  of  some  rice  seed  and  is  apparently  a  weed."     (Meyer.) 

29003.  Hordeum  vulgare  L,  Barley. 

From  Merv,  Turkestan.  "(No.  1403a,  June  13,  1910.)  Winter  barley  grown 
with  slight  irrigation  in  the  oasis  of  Merv.  To  be  tested  under  irrigation  in  the 
dry  and  hot  sections  of  the  United  States."     (Meyer.) 

29004.  Hordeum  vulgare  L.  Barley. 
From  Merv,  Turkestan.     "  (No.  1404a,  June  13,  1910.)     Summer  barley  grown 

under  irrigation  in  the  oasis  of  Merv.     To  be  tried  like  the  preceding  number. 
' '  Barley,  in  central  Asia,  takes  the  same  place  that  oats  do  with  us  and  is  fed 
everywhere    to   cart  and   riding  horses,  which  apparently  relish  the  food." 
(Meyer.) 

29005.  Triticum  durum  Desf.  Wheat. 
From  Old   Samarkand,   Turkestan.     "(No.   1405a,   July  3,   1910.)     A   fine 

variety  of  winter  wheat  grown  without  irrigation  in  the  oasis  of  Samarkand. 
Very  much  in  favor  with  the  people  for  bread  making;  apparently  rich  in 
gluten.     To  be  tried  in  the  drier  sections  of  the  United  States."     (Meyer.) 

29006.  Triticum  sp.  Wheat. 

From  Old  Samarkand,  Turkestan.  "(No.  1406a,  July  3,  1910.)  A  fine  local 
variety  of  soft  white  wheat."     (Meyer.) 

29007.  Triticum  sp.  Wheat. 

From  Old  Samarkand,  Turkestan.  "(No.  1407a,  July  3,  1910.)  A  good 
local  variety  of  hard  white  wheat. 

"The  two  preceding  numbers  should  be  tested  like  No.  1405a  (S.  P.  I.  No. 
29005)."     (Meyer.) 

29008.  Triticum  aestivum  L.  Wheat. 
From   Pendshikent,  Samarkand,  Turkestan.     "(No.    1408a,   July  7,    1910.) 

A  local  variety  of  dark  winter  wheat  grown  on  the  mountain  slopes  without 
irrigation.  To  be  tested  in  the  semiarid  sections  of  the  United  States." 
(Meyer.) 
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29009.  Triticum  sp.  Wheat. 
From  Pendshikent,   Samarkand,   Turkestan.     "(No.   1409a,  July  7,   1910.) 

A  good  local  variety  of  hard  winter  wheat  grown  on  the  plains  under  irrigation." 

{Meijer.) 

29010.  Triticum  sp.  Wheat. 
From  Merv,  Turkestan.     "(No.  1410a,  June  13,  1910.)    A  good  local  variety 

of  winter  wheat  grown  under  irrigation  in  the  oasis  of  Merv."     {Meyer.) 

29011.  Triticum  sp.  Wheat 
From  Old  Bokhara,  Turkestan.     "(No.  TllJa,  June  22,  1910.)     A  fine  variety 

of  wheat  said  to  come  from  Katti-Kurgan,  Turkestan,  which  place  is  known 
for  its  good  wheat. 

"The  husks  of  the  Turkestan  wheats  seem  to  adhere  very  firmly  to  the  seed 
so    that   even  when  left  in  the  field  for  months  the  grains  do  not  fall  out.'' 
{Meyer.) 

29012.  Trifolium  sp. 

From  Kazelkovskaia,  near  Merv,  Turkestan.  "(No.  1412a,  June  14,  1910.) 
A  creeping  species  of  white  clover  found  along  irrigation  canals  and  'on  low 
places  in  the  desert.  Of  possible  value  as  a  lawn  clover,  under  slight  irrio'a- 
tion,  in  the  desert  regions  of  the  United  States."     {Meyer.) 

29013.  Inga  edulis  Mart.  "Ing-a  cipo." 

From  Para,  Brazil.     Presented  by  Mr.  Walter  Fischer,  acting  director,  Campo 
de  Cultura  Experimental  Paraense.     Received  November  4,  1910. 
"This  is  a  somewhat  choicer  variety  than  the  one  (S.  P.  I.  No.  27798)  which  I 
previously  transmitted."     {Fischer.) 

29014.  ViGNA  UNGuicuLATA  (L.)  Walp.  Cowpea. 

From  Para,  Brazil.     Presented  by  Mr.  Walter  Fischer,  acting  director,  Campo 
de  Cultura  Experimental  Paraense.     Received  November  4,  1910. 
"A  variety  of  cowpea  known  here  as  feijao  manteiga  (my  Macassar  No.  2)."    {Fischer.) 

29015.  Alhagi  maueorum  Medic. 

From  Cairo,  Egypt.  Presented  by  Mr.  Abdel  Hamid  Abaza,  secretary  general, 
Khedivial  Agricultural  Society.  Received  November  4,  1910. 
"A  thorny  leguminous  plant  which  yields  the  so-called  Alhagi-manna  or  terend- 
jebin.  This  is  a  sweet  gummy  substance  which  during  the  heat  of  the  day  exudes 
from  the  leaves  and  stems  and  hardens.  It  is  collected  by  the  Arabs  and  used  as 
a  sugar  substitute,  and  as  an  ingredient  for  certain  sweetmeats.  It  is  a  desert  plant 
growing  spontaneously  in  South  Africa,  Egypt,  Arabia,  Asia  Minor,  and  central 
India.  It  is  imported  into  India  from  Kabul  and  Kandahar  in  considerable  quanti- 
ties, and  has  been  valued  at  30  shillings  per  pound.  I  do  not  think  the  plant  suitable 
for  southern  Florida.  If  introduced  it  should  be  tried  in  our  arid  southwestern  regions. 
In  the  hottest  part  of  the  year,  when  almost  all  other  vegetation  is  shriveled  up,  it 
puts  forth  its  leaves  and  flowers,  which  are  fed  to  camels;  hence  it  is  sometimes  called 
camel's  thorn.  In  some  places  no  manna  is  obtained  from  the  plant;  in  no  place  is  much 
obtained  from  a  single  plant.  The  gummy-looking  substance  is  shaken  off.  It  occurs 
in  grains  varying  from  the  size  of  a  mustard  seed  to  that  of  a  hemp  seed,  and  is  of  a  light- 
brown  color  and  an  agreeable  saccharine  sennalike  smell.  This  substance  if  unpro- 
tected is  probably  attacked  by  weevils  or  other  insects;  hence  it  is  said  to  breed 
worms."  {W.  E.  Safford.) 
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29016.       OSTERDAMIA  MATRELLA  (L.)  Kuntze. 

From  Yokohama,  Japan.     Purchased  from  the  Yokohama  Nursery  Co.     Received 
November  5,  1910. 
A  valuable  lawn  grasa. 

Distribution. — Sandy  shores  of  tropical  Asia  from  India  eastward  through  China 
and  Japan  to  Australia. 

29017  to  29019. 

From  Ruling,  China.     Presented  by  Mrs.  John  Berkin.     Received  November 
5,  1910. 
Seeds  of  the  following: 

29017.  AcTiNiDiA  cHiNENsis  Planch.  Yangtaw. 
"With  regard  to  the  yangtaw,  the  natives  say  they  think  all  vines  grow 

fruit,  but  a  young  vine  never  bears.     They  are  usually  6  to  8  years  old  before 
they  bear.     So  possibly  these  vines  in  time  will  produce  fruit."     (Berkin.) 
See  No.  21781  for  further  description. 

29018.  Pbunus  sp.  Wild  cherry. 

29019.  Vms  sp.  WHd  grape. 

29020  and  29021. 

From  Mauritius.     Presented  by  Mr.  G.  Regnard,  Port  Louis,  Mauritius.     Re- 
ceived November  4,  1910. 
Seeds  of  the  following: 

29020.  Elaeodendron  orientale  Jacq. 

"Bois  d'olive.  A  shrub  10  to  30  feet  high,  glabrous.  Flowers  in  cymes  one- 
fourth  of  an  inch  across.  Drupe  oblong,  the  size  of  a  large  Spanish  olive;  edible; 
seed  two  celled.  Found  in  Mauritius,  Rodriguez,  and  Madagascar."  (Reg- 
nard.) 

29021.  Vangueria  madagascariensis  Gmelin. 

"  Vavangue.  A  glabrous  shrub  10  to  15  feet  high,  with  very  large  and  long 
leaves;  flowers  in  copious  peduncles,  greenish  yellow,  and  having  an  awful 
odor.  Globose  drupe  1^  inches  thick  with  five  large  bony  stones.  The  fruit 
is  eaten  only  when  quite  ripe  and  of  a  light-brown  color;  the  pulp  is  brown 
with  a  sweet  acid  flavor.  Naturalized  over  Mauritius  and  the  Indian  Ocean 
islands."     (Regnard.) 

29022  and  29023.     Iris  tenax  Dougl.  Iris. 

From   Oregon.     Presented   by   Mr.    George   R.   Schoch,    Forest   Grove,    Oreg. 
Received  November  10,  1910. 
Seeds  of  the  following;  notes  by  Mr.  Schoch: 

29022.  "Flowers  purple,  pencUed  with  yellow.     Height  of  flower  stems  6  to 
12  inches." 

29023.  "Variety  aifta.     Height  of  flower  stems  6  to  8  inches." 

"These  bloom  for  about  30  days  annually.  They  should  develop  attractive  flag  or 
carpet  effects  in  extensive  grounds,  lawns,  or  parks.  The  herbage  should  not  be 
mown,  save  once  in  the  autumn.    The  seeds  should  be  forced,  as  they  germinate 

reluctantly. 

"This  plant  endures  the  severest  droughts;  besides,  it  remains  green  when  not 
subjected  to  severe  freezes.     It  should  find  friends  and  admirers  south  of  Tennessee. " 
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29025.  Irvingia  gabonensis  (Aubry-Lecomte)  Bail  I.  Oba. 

From  Botnagii,  Kainorun,  westero  Africa.     Preseuted  by  Mr.   Fred  H.   Hope. 
Received  November  17,  1910. 
See  No.  28912  for  description. 

29026.  Triticum  dicoccum  dicoccoides  (Koein.)  Asch.  and  Graebn. 

Wild  wheat. 

From  Palestine.     Presented  by  Mr.  Aaron  Aaronsohn,  director,  Jewish  Agricul- 
tural Experiment  Station,  Haifa,  Palestine.     Received  November  3,  1910. 

See  Bulletin  No.  180,  Bureau  of  Plant  Industry,  for  description. 

Note. — "  I  believe  that  you  will  do  well  to  sow  a  part  of  this  as  winter  wheat  in  the 
Southwest.  The  wild  wheat  sown  at  Bonn,  Germany,  last  October  survived  the  winter 
perfectly,  as  I  could  see  for  myself  last  May  when  I  visited  there."     (Aaronsohn.) 

29027.  Passiflora  ligularis  Juss.  Passion  flower. 

From  near  Ambato,  Ecuador.     Presented  by  Mr.  Herman  R.  Dietrich,  American 
consul  general,  Guayaquil.     Received  November  14,  1910. 

"This  granadilla  fruit  was  grown  a  short  distance  from  Ambato,  Ecuador.  It  is 
frequently  shipped  to  Guayaquil,  where  it  is  sold  to  consumers  at  about  3J  cents 
apiece,  Ecuadorian  currency."     (Dietrich.) 

29028  to  29030.  Gossypium  spp.  Cotton. 

From  Marash,  Turkey.    Presented  by  Mr.  Paul  N.  Nersessian.     Received  Novem- 
ber 9,  1910. 
Seeds  of  the  following;  notes  by  Mr.  Nersessian: 

29028.  Gossypium  herbaceum  L. 

"This  branches  out  more  and  grows  larger  than  No.  29030,  the  bolls  are 
larger,  and  the  lint  cotton  from  a  given  weight  of  bolls  is  much  more,  but  the 
yield  of  bolls  from  a  given  area  is  much  less  in  this  locality  than  the  afore- 
mentioned variety.  It  may  yield  more  bolls  in  another  locality,  or  the  cause 
of  the  short  yield  may  be  found  and  remedied;  then  of  course  it  will  be  the  best 
of  all.     This  variety  we  call  Besny  or  Gaga." 

29029.  Gossypium  hirsutum  L. 

"This  variety  we  call  Constantinople.  It  grows  larger,  branches  out  more 
like  a  tree,  requires  richer  land,  is  sown  about  two  weeks  earlier,  and  matures 
earlier.  It  requires  more  water  for  irrigating  than  the  others.  The  bolls  open 
wide  apart  and  shed  out  the  lint  cotton  if  not  picked  in  time." 

29030.  Gossypium  herbaceum  L. 

29031  to  29033. 

From  eastern  Bengal  and  Assam,  India.     Presented  by  Mr.  R.  L.  Proudlock, 
arboricultural  expert.    Received  November  19,  1910. 

Seeds  of  the  foUowmg: 

29031.  Cassia  mimosoides  L. 

"A  leguminous  plant  which  is  splendid  for  covering  ground  and  yet  easy  to 
root  out.  It  does  well  in  a  moist  tropical  climate  and  will  in  my  opinion  be 
first-rate  for  keeping  down  weeds  on  rubber  plantations."     (Proudlock.) 

Distribution. — India,  extending  from  the  Himalayas,  where  it  grows  at  an 
altitude  of  6,000  feet,   southward  to  Ceylon;    generally  naturalized  in  the 
Tropica. 
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29031  to  29033— Continued. 

29032.  DiosPYROS  peregrina  (Gaertn.)  Guerk.     (?)  Persimmon. 

29033.  DiosPYROS  sp.  Persimmon. 
"These  two  species  are  grown  in  this  district  (Dacca)  for  their  edible  fruit. 

The  fruits  are  rather  astringent  unless  they  are  allowed  to  become  almost  dead 
ripe  before  they  are  eaten."     (Proudlock.) 

29034  to  29041.     Phormium  tenax  Forst.  New  Zealand  flax. 

From  Wellington,  New  Zealand.     Presented  by  Mr.  T.  W.  Kirk,  director,  Depart- 
ment of  Agriculture.     Received  September  8,  1910.     Numbered  November  21, 
1910. 
Plants  of  the  following  varieties: 


29034. 

Areroivharawhara  from  Ta 

lupo. 

29038. 

Oue. 

29035. 

Au'anga. 

29039. 

Paretaniwha. 

29036. 

Katiraukawa. 

29040. 

Putaiore. 

29037. 

Korokihi. 

29041. 

Tihore. 

29042.  Argania  spinosa  (L.)  Skeels.  Argan. 
From  Safi,  Morocco.     Procured  by  Mr.  R.  L.  Sprague,  American  consul,  Gibral- 
tar, Spain.     Received  November  21,  1910. 

See  No.  28783  for  preAdous  introductions. 

29043.  CoFFEA  macrocarpa  Rich.  Coffee. 

From  the  island  of  Mauritius.      Presented  by  Mr.    G.   Regnard,   Port  Louis, 
Mauritius.     Received  November  21  and  23,  1910. 
"A  small  and  very  rare  shrub  of  Mauritius,  which  grows  on  a  soil  rather  poor,  but 
wet."     (Regnard.) 

Distribution.— In  the  woods  on  the  slopes  of  the  Pouce  and  Savanne  mountain 
ranges  in  the  island  of  Mauritius. 

29044.  Citrus  sp.  Orange. 

From   Olokemeji,  Western   Province,  Southern    Nigeria.     Presented  by  Mr.  A. 
Harold  Unwin,  provincial  forest  officer.     Received  November  22,  1910. 
"An  orange,  the  skin  of  which  remains  green  even  after  the  fruit  ripens."     (R.  L. 
Beard,  Winston  Salem,  N.  C.) 

29045.  (Undetermined.) 

From  Botnaga,  Kamerun,  western  Africa.  Presented  by  Mr.  Fred  H.  Hope. 
Received  November  18,  1910. 
"Mvut,  native  name.  These  seeds  are  from  a  tree  that  grows  30  to  40  feet 
high  and  has  a  rough  bark.  The  fruit  is  about  1  inch  in  diameter  and  2  inches  long. 
It  grows  in  clusters  like  the  grape  and  has  a  fuzz  like  the  peach.  The  cluster  grows 
out  from  the  trunk  of  the  tree  and  very  often  low.  Generally  found  to  do  best  in 
deep  forests."     (Hope.) 

29046.  Acacia  geraffae  Willd. 

From  South  Africa.     Presented  by  Prof.  J.  BurttDavy,  agriculturist  and  botanist, 
Department   of   Agriculture,    Pretoria,    Transvaal,    South    Africa.     Received 
November  23,  1910. 
"Seeds  of  the  kameel-doorn.    This  is  named  after  the  camelopard,  or  giraffe,  which 
is  said  to  browse  on  the  foliage;  the  Dutch  word  for  giraffe  is  kameel.     This  tree  used 
to  be  plentiful  about  Kimberley,  but  it  has  been  largely  destroyed  for  fuel.     The 
wood  is  hard  and  heavy  and  the  heartwood  dark  brown-red  in  color;  Burchell  (Trav- 
els) states  that  the  Bechuanas  used  it  for  spoons,  knife  handles,  etc.    By  white  people 
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it  is  chiefly  used  for  fuel,  as  much  as  10,000  tons  of  fuel,  moslly  of  this  species,  having 
been  taken  to  Vryburg  alone  during  some  years.  Kimberley  has  al.s*^  been  respon- 
sible for  the  destruction  of  large  quantities.  In  the  early  days  of  mining  in  Kim- 
berley, when  the  kameel-doom  was  plentiful  in  the  vicinity,  the  hard  heartwood, 
well  oiled,  was  used  as  a  support  for  machinery  shafts.  It  is  stated  by  Mr.  Senator 
Marks,  one  of  the  old  residents  of  Kimberley,  that  kameel-doom,  when  well  oiled, 
outlasted  brass  fittings  for  this  purpose. 

"This  tree  grows  in  a  warm,  dry,  sandy  country,  with  a  minimum  rainfall  of  about 
15  to  20  inches  and  a  dry  winter;  its  growth  is  said  to  be  very  slow."     {Davy.) 

Distribution.— Dry  and  sandy  deserts  in  the  vicinity  of  Kimberley,  Cape  Colony, 
and  northward  to  Bechuanaland. 

29047.  Olea  verrucosa  (R.  and  S.)  Link.  Wild  olive. 

From  South  Africa.     Presented  by  Prof.  J.  Burtt  Davy,  government  agrostol- 
ogist  and    botanist,   Department  of    Agriculture,   Pretoria,  Transvaal,  South 
Africa.     Received   October  31,   1910. 
See  Nos.  25520  and  25521  for  previous  introduction  and  description. 

29048.  Passiflora  ligularis  Juss.  Passion  flower. 

From  Bolivia.     Presented  by  Mr.  Alexander  Benson,  charge  d'affaires  ad  inte- 
rim, La  Paz,  Bolivia.     Received  November  22,  1910. 
"These  granadillas  were  piu-chased  in  the  open  market.     As  you  doubtless  are 
aware.  La  Paz  is  surrounded  by  desert,  barren  country,  and  all  fruits  which  are  brought 
to  the  market  are  brought  in  on  the  backs  of  donkeys  from  the  Yungas  country." 
(Benson.) 

29049.  SoLANUM  sp.  Potato. 

Collected  on  the  Morro  Solar  Mountain  near  Chorillos,  near  Lima,  at  about  200 

meters  altitude,  among  the  rocks  of  a  talus  slope.     Presented  by  Dr.  A.  Weber- 

bauer,  German  legation,  Lima,  Peru.     Received  November  23,  1910. 

"The  plant  from  which  these  tubers  were  procured  is  closely  related  to  Solanum 

maglia,  differing  from  it,  however,  in  that  the  flowers  are  not  uniformly  violet,  but 

often  bear  violet  stripes  on  a  white  ground."     (Weberbauer.) 

29050.  Pyrus  sp.  Pear. 

From  Manchuria.     Purchased  from  Mr.  Edward  C.  Parker,  agricultiu-ist.  Bureau 

of  Agriculture,    Industry,    and   Commerce,    Mukden,    Manchuria.     Received 

November  25,  1910. 

"Mixed  varieties.     Native  habitat,  Kwangning  district,  Manchuria,  42°  N.  lat. 

These  varieties  are  very  resistant  to  drying  winds,  sxin  scald,  blight,  etc.     Valuable 

in  America  as  hardy  grafting  stocks."     (Parker.) 

29051  and  29052. 

From  Russia.     Received  through  Mr.  Frank  N.  Meyer,  agricultiu^l  explorer, 
October  18,  1910. 
Seeds  of  the  following: 

29051.    Medicagorigidula  MORisiANA(Jord.)RouyandFouc.    Bur  clover. 

From  near  Petrovsk,  Daghestan,  Caucasus,  Russia.  "(May  15,  1910.)  A 
small  annual  bur  clover  found  on  level,  sandy  ground,  also  on  stony  slopes  along 
the  road.  Of  small  growth.  May  be  of  value  as  a  winter-forage  plant  in  regions 
where  the  winters  are  mild  and  moist,  or  as  a  summer- forage  plant  in  the  cooler 
sections  of  the  United  States,  notably  in  mountainous  regions."     (Meyer.) 

Distribution. — Originally  found  in  the  islands  of  Corsica  and  Sardinia;  appar- 
ently occurring  with  the  species  throughout  southern  Europe  from  Spaiu  to 
Greece;  in  Asia  Minor,  Syria,  and  Persia;  and  in  Egypt,  Algeria,  and  Morocco. 
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29051  to  29052— Continued. 

29052.     PiNtJS  LARicio  PALLASiANA  (Lamb.)  Endl.  Pine. 

From  near  Kirikinesh,  Crimea,  Russia.  "(January  16,  1910.)  A  pine  found 
growing  wild  along  the  coasts  of  the  Crimea,  occurring  sometimes  in  the 
rockiest  of  situations  where  one  would  not  believe  a  pine  tree  would  grow.  Of 
value  as  an  ornamental  park  tree  in  regions  where  the  winters  are  not  too  severe, 
but  the  summers  hot  and  dry.  Said  to  be  used  in  reclaiming  moving  sand 
wastes  in  southern  Russia."     {Meyer.) 

Distribution. — On  the  slopes  of  the  moim tains  ia  the  Crimean  Peninsula  and 
the  adjacent  shores  of  the  Black  Sea. 

29054  to  29077.     Musa  spp.  Banana. 

From  Paramaribo,  Surinam,  South  America.     Presented  by  Mr.  Goldsmith  H. 
Williams,  manager,  United  Fruit  Co.     Received  November  19,  1910. 
Suckers  of  the  following;  notes  by  Mr.  Williams: 

29054.  Apple  banana.     From  Surinam. 

29055.  Apple  banana,  large.     From  Demerara. 

29056.  Apple  banana,  large,  extra  acid.     From  Demerara. 

29057.  Apple  banana,  very  long  bimches,  sweet.     From  Demerara. 

29058.  Braka  Bana,  a  sort  of  cross  between  a  plantain  and  banana.  From 
Surinam. 

29059.  Fig,  or  lady's-finger,  extra  long  bimches,  usually  10  hands.  From 
Demerara. 

29060.  Fig,  King  of  the  Prawn,  tasteless  but  handsome.  From  New  York 
Botanic  Garden. 

29061.  Fig,  Soehroe,  very  small  fig  banana,  but  quite  sweet.     From  Surinam, 

29062.  Horse  banana.     From  Demerara. 

29063.  Horse  banana,  Camfcoure,  pink  fleshed.  From  Oyapok  River,  French 
Gr.iana. 

29064.  Linda,  tree  exactly  like  the  Jamaica  banana,  but  the  fruit  is  not  so 
sweet  and  resembles  slightly  a  plantaia  in  appearance  and  flavor.  From 
Costa  Rica. 

29065.  Mar taban  Calcutta,  very  much  like  the  Bumulantrom  Manila.  From 
Surinam. 

29066.  Plantain,  common.     From  Surinam. 

29067.  Palem  Bang,  Malay  Archipelago;  small  fingers,  but  has  a  good  flavor. 

29068.  Pisang  Radja,  Siam.    From  Java. 

29069.  Pisang  Radja.     From  Java. 

Note. — There  is  some  question  as  to  whether  or  not  this  is  Pisang  Radja,  as  a 
mistake  was  made  in  labeling  it. 

29070.  Plantain,  Vittata,  St.  Thomas  Island,  West  Africa. 

29071.  Red,  medium  size;  light  shade  of  red.     From  Demerara. 

29072.  Uraba.     From  Gulf  of  Darien. 

29073.  Uraba  No.  2.     From  Windward  Islands. 
29074  to  29077. 

Note. — These  numbers  were  put  on  the  plants  from  which  the  labels  had 
become  detached  en  route.    They  can  not  be  identified  until  grown. 
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29078  to  29081. 

From  Addis  Abeba,  Abyssinia.     Presented  by  Mr.  Guy  R.  Love,  American  vice 
consul  general.     Received  November  23,  1910. 
Seeds  of  the  following: 

29078  and  29079.     Cicer  arietinum  L.  Chick-pea. 

29078.     Brown  seeded.  29079.     Black  seeded. 

29080.  PisuM  ARVENSE  L.  Field  pea. 

29081.  PisuM  SATIVUM  L.  Field  pea. 

29082  to  29086. 

From  Lyngby,  Denmark.     Presented  by  Mr.  E.  Lindhard,  Experiment  Station  for 
Plant  Culture,  Tystofte  Pr.  Tjaereby,  Denmark,  who  procured  them  from  Mr. 
K.  Hansen  at  Lyngby  Experiment  Station.     Received  November  26,  1910. 
Seeds  of  the  following;  quoted  notes  by  Mr.  Lindhard: 

29082  to  29084.     Pisum  arvense  L.  Field  pea. 

29082.  "Marbled  winter  variety.." 

29083.  "Spotted  winter  variety." 

2  9  084 .     "  Tawny  winter  variety . ' ' 

"Winter  varieties  of  the  field  pea  are  cultivated  only  on  very  limited 
areas  in  this  country." 

29085  and  29086.     Vicia  sativa  L.  Common  vetch. 

29085.     "Brown."  29086.     "Gray." 

"Fall  field  vetches." 

29087  and  29088. 

From  Gonda,  United  Provinces,  India.  Presented  by  Rev.  N.  L.  Rockey,  dis- 
trict superintendent  of  the  missions  of  the  Methodist  Episcopal  Church.  Re- 
ceived November  23,  1910. 

Seeds  of  the  following: 

29087.  Anona  reticulata  L.  Custard-apple. 

29088.  Citrus  decumana  (L.)  Murr.  Pomelo. 

29089.  BoEHMERiA  NivEA  (L.)  Gaud.  Ramie. 

From  Chekiang,  China.  Presented  by  Mr.  R.  J.  Felgate,  Mokanshan,  China. 
Received  November  26,  1910. 

"This  sample  grew  wild  in  a  garden  close  by  my  house."     (Felgate.) 

29090.  Passiflora  ligularis  Juss.  Passion  flower. 

From  Acapulco,  Mexico.  Presented  by  Mr.  Marion  Letcher,  American  consul. 
Received  November  29,  1910. 

"This  fruit  is  sold  in  season  in  this  market,  but  is  not  grown  in  this  immediate 
locality,  being  brought  from  the  mountain  section  of  the  State.  As  to  the  quality  of 
the  fruit,  I  have  to  say  that  in  my  opinion  it  is  inferior  in  flavor  to  its  congener  (may- 
pop)  of  the  cotton  fields  of  the  Southern  States.  The  Mexican  fruit  has  the  advantage 
in  size  and  in  having  smaller  seeds.  The  local  name  for  the  fruit  is  granada  china.  I 
should  judge  from  the  name  that  it  was  introduced  from  China  in  the  earlier  days  and 
is  not  an  indigenous  fruit,  as  supposed."  (Letcher.) 
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29091.     NicoTiANA  TABACUM  L.  Tobacco. 

Grown  on  the  Santa  Maria  plantation,  12  miles  east  of  the  city  of  Pinar  del  Rio, 

and  in  the  Vuelta  Abajo,  Cuba.     Presented  by  Mr.  H.  H.  Norton,  Consolacion 

del  Sur,  Cuba.     Received  November  28,  1910. 

"I  believe  there  is  only  one  variety  of  tobacco  grown  in  Cuba  and  that  the  different 

types  are  the  results  of  different  soils,  climate,  and  methods  of  cultivation  and  curing." 

(Norton.) 

29092  and  29093.     Nicotiana  tabacum  L.  Tobacco. 

From  Cuba.     Presented    by    Mr.   Francisco  A.   Montero,   Santa    Clara,    Cuba. 
Received  November  28,  1910. 
Seeds  of  the  following: 

29092.  Remedios.     From  the  district  surrounding  the  town  of  this  name  in  the 
province  of  Santa  Clara. 

29093.  Yara.     From  the  district  in  the  vicinity  of  the  town  of  this  name  in 
the  province  of  Oriente,  16  miles  east-southeast  of  Manzanillo. 

29094  to  29096. 

From    Orleans,   France.      Presented  by  L6on  Chenault  &    Son,    nurserymen. 
Received  November  29,  1910. 
Plants  of  the  following: 

29094.  Carrierea  caltcina  Franch. 

"A  deciduous  tree  20  to  30  feet  (sometimes  40  feet)  high  with  a  wide-spreading 
head  of  branches."     (Keiv  Bulletin,  No.  9,  1909.) 

Distribution. — Slopes  of  the  mountains  in  the  northeastern  part  of  the  prov- 
ince of  Szechwan,  China,  at  an  elevation  of  about  4,500  feet. 

29095.  Tetracentron  sinense  Oliv. 

"According  to  Mr.  E.  H.  Wilson  this  is  among  the  very  largest  of  the  broad- 
leaved  trees  of  the  Chinese  forests  (that  is,  excluding  conifers).  It  is  often 
80  feet  high  and  upward,  with  a  trunk  20  feet  in  circumference.  It  bears  small 
yellowish  flowers  in  slender  spikes  about  4  inches  long."  (Kew  Bulletin,  No.  9, 
1909.) 

Distribution. — The  districts  of  Chienshih  and  Fang  in  the  province  of  Hupeh, 
central  China. 

29096.  Rosa  gigantea  X  (?).  Rose. 
"  Etoile  du  Portugal,  the  new  hybrid  of  Bosa  gigantea.     As  this  variety  has 

not  yet  proved  to  be  quite  hardy  it  would  be  preferable  to  plant  it  in  a  cool 
greenhouse  or  in  a  conservatory,  where  it  would  grow  beautifully."     (Chenault.) 

29097.     Ilex  paraguariensis  St.  Hil.  Yerba  mate. 

Grown  near  the  boundary  line  of  Brazil  and  Paraguay.     Presented  by  Mr.  C.  F. 

Mead,  Cahi  Puente,  Paraguay.     Received  November  30,  1910. 

"This  plant  is  known  here  as  yerha,  and  the  forests  where  it  is  found  are  called 

yerbales.     There  are  many  varieties  hereabout,  but  I  was  lucky  enough  to  be  able 

to  purchase  seed  of  the  best  kind.     I  am  sending  the  entire  fruit.     To  get  out  the  seed 

it  must  be  soaked  for  24  hours  in  warm  water  at  about  45°  C,  or  better  still  put  in  an 

incubator  where  a  steady  temperature  can  be  maintained.     There  are  five  or  six  seeds 

to  each  fruit.    The  seed  when  planted  will  take  three  months  to  germinate,  but  if  the 
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whole  fruit  is  planted,  three  years  are  necessary.  Plant  in  the  nursery  first;  then 
transplant,  spacing  10  feet  apart  for  square  method.  When  full  grown  the  tree  ia 
from  30  to  40  feet  high.  The  yerba  is  the  leaf,  cut  and  prepared  about  once  every 
three  years  if  you  own  the  tree,  once  every  two  years  if  you  rent  the  yerbal.  The 
extra  year  acts  the  same  on  (he  life  of  the  tree  as  proper  or  improper  pruning  does  on 
fruit  trees.  The  general  method  here  is  to  rent  two  or  three  yerljales  and  harvest  one 
each  year,  the  picking  season  of  Paraguay  being  from  June  15  to  the  end  of  August. 

"As  near  as  I  can  find  out,  the  method  of  preparing  for  market  is  to  pick  the  leaves, 
partly  dry  by  a  fire,  finish  drying  in  the  sun,  and  then  break  up  fine  with  a  kind  of 
flail,  when  it  is  ready  to  sack  and  market.  The  flavor  of  yerba  is  regulated  by  variety; 
the  strength,  by  years  of  growth  and  methods  of  preparation.  The  yield  of  yerba  is 
about  3  kilos  per  tree  when  three  years  old,  6  kilos  per  tree  the  second  crop,  and  a  grad- 
ual increase  then  until  full  grown,  when  you  can  cut  80  to  100  kilos  (this  is  probably 
incorrect  as  most  authorities  agree  that  only  25  to  35  kilos  can  be  cut  every  three  years). 

"Mate,  or,  yerba  takes  the  place  of  tea  and  coffee  south  of  Brazil,  and  its  use  is  being 
widely  extended.  There  are  already  companies  in  Britain  for  exploiting  it,  and  the 
export  to  Mediterranean  countries  has  attained  some  volume.  It  has  the  general 
reputation  of  being  far  less  injurious  than  tea  or  coffee.  When  used  constantly, 
however,  you  have  the  same  craving  as  with  the  others,  and  the  majority  even  go  so 
far  as  to  endow  the  use  of  yerba,  especially  'amargo'  (without  sugar),  with  medicinal 
qualities,  though  experiments  carried  on  in  Buenos  Aires  go  to  prove  that  such  claims 
are  greatly  exaggerated,  and  the  'cup  of  mate  was  not  so  good  for  Mary  Anne'  as  the 
Buenos  Aires  Standard  expressed  it. 

"Yerba  is  the  name  of  the  herb,  but  the  tea  is  always  spoken  of  as  mat6.  Mat6 
cocido  is  boiled  yerba;  this  taken  the  same  way  as  tea  or  coffee  in  cups  is  the  'gringo' 
style.  For  peons,  a  tin  cup  of  mate  and  six  small  biscuits  keep  their  speck  of  life 
until  noontime.  The  general  method  of  serving,  however,  is  with  mate  and  bom- 
billa,  the  word  'mate  '  here  meaning  the  small  gourd  used  to  hold  yerba  and  the  'bom- 
billa'  the  thin  tube  through  which  mat^is  sucked.  The  mate  is  about  the  size  of  a 
small  cup.  The  yerba  is  placed  inside  and  the  resultant  tea  sucked  out  through  the 
bombilla.  The  use  of  sugar  is  optional.  On  emptying  the  mate  cup  hot  water  is 
poured  in  again  and  it  is  passed  to  the  next  member  of  the  ring  around  the  fire;  a 
very  unsatisfactory  and  unsanitary  method,  to  say  the  least,  but  the  only  way  accord- 
ing to  the  natives,  even  though  it  is  necessary  to  repeat  the  operation  for  about  two 
hours  to  get  enough.  Mat6  cocido  would  be  the  only  method  for  white  people.  Yerba 
sells  in  Buenos  Aires  for  $1.15  in  silver  (about  50  cents  in  gold)  per  kilo."     (Mead.) 

See  No.  25529  for  previous  introduction. 

29098.     PopULUs  TREMULA  L,  Poplar. 

From  Tiflis,  Caucasus,  Russia.     Presented  by  the  Tiflis  Botanic  Garden.     Re- 
ceived December  5,  1910. 

"The  wood  of  this  tree  is  used  almost  exclusively  in  the  match  industry  of  Sweden. 
Undoubtedly  the  other  species  of  Populus,  i.  e.,  P.  alba  and  P.  canescens,  could  be 
used  to  advantage  for  the  same  purpose  but  for  the  fact  that  the  latter  are  not  so  abun- 
dant as  P.  trcvnda.  P.  tremula  does  not  appear  to  have  been  noticed  by  botanists  in 
America,  although  it  is  frequently  found  planted  in  our  parks.  It  is  readily  recognized 
by  its  large  dark-brown  buds,  1  centimeter  long  and  half  as  wide.  These  are  rather 
blunt  and  not  pointed,  as  in  the  case  of  the  Lombardy  and  Carolina  poplars.  P. 
tremula  was  in  all  probability  introduced  into  Maryland  by  the  early  settlers,  as  it  and 
other  species  are  frequently  found  about  the  old  mansions."  {Extract  from  letter  oj 
Mr.  I.  Tidestrom,  of  the  Bureau  of  Plant  Industry,  September  17,  1910.) 
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29099.  Stizolobium  aterrimum  Piper  and  Tracy.      Mauritius  or 

Bengal  bean. 

From  the  State  of  Minas  Geraes,  Brazil.     Presented  by  Mr.  Walter  Fischer,  acting 
director,  Campo  de  Cultura  Experimental  Paraense.     Received  November  26, 
1910. 
See  No.  28906  for  description. 

29100.  Melinis  minutiflora  Beauv. 

From  Brazil.  Presented  by  Dr.  Orville  A.  Derby,  Service  Geologico  e  Mineral- 
ogico  do  Brazil,  Rio  de  Janeiro,  Brazil.  Received  December  2, 1930. 
"The  species  of  grass  named  Panicum  melinis  {Melinis  minuiiflora)  occurs  in  at  least 
two  distinct  varieties:  Capim  caiingueiro  roxo  and  Calmgueiro  claro.  The  Melinis 
minutiflora  is  certainly  but  a  synonym  of  the  Panicum  melinis  and  no  distinct  species, 
A  variety  has  been  found  at  Petropolis,  but  as  I  had  no  opportunity  to  see  this  variety, 
I  think  it  is  an  adaptation  to  the  diflerent  conditions  of  humidity  in  the  mountains." 
{Alberto  Lqfgren,  director,  Botanic  Garden,  Sao  Paulo,  Brazil.) 

29101  to  29105. 

From  China.     Presented  by  Mr.  T.  M.  Wilkinson,  Foochow,  China.     Received 
November  28,  1910. 
Seeds  of  the  following;  notes  by  Mr.  Wilkinson: 

29101.  Citrus  DECUMANA  (L.)  Murr.  Pomelo. 
"This  tree  grows  200  miles  north  of  Foochow.     It  is  much  like  the  orange, 

but  coarser.  The  fruit  weighs  from  2  to  3  pounds;  the  casings  of  the  pulp  are 
very  bitter;  the  skin  is  very  thick  in  the  large  fruits,  nearly  half  an  inch.  All 
casing  and  rind  must  be  carefully  removed  before  eating.  It  is  semitart  and 
of  fine  flavor.     Grows  on  any  good  land.     Season,  September  15  to  April. " 

29102.  DiosPYROS  KAKi  L.  f.  Persimmon. 
"  I  am  told  that  this  tree  grows  as  far  north  as  Shanghai.     The  fruits  are  large, 

many  of  them  being  2  inches  in  diameter;  skin  and  pulp  red;  sweet  and  fine 
flavored.     Grows  from  valley  to  mountain  side." 

29103.  Crataegus  pinnatifida  Bunge.  Hawthorn. 
"San  cha.     In  habit  this  fruit  tree  is  very  much  like  the  American  thorn- 
apple  or  hawthorn,  but  the  fruit  is  much  larger,  being  1  to  li  inches  in  diameter. 
It  is  semitart  and  makes  delicious  sauce  and  preserves." 

29104.  (Undetermined.) 

"Yellow  bullet.  This  tree  in  habit  and  appearance  is  like  litchi  and  linging. 
The  fruit  is  russet  in  color,  with  skin  like  a  grape  and  a  translucent,  semitart 
pulp.     Season,  August  10  to  September  20." 

29105.  (Undetermined.) 

"A  doctor  who  lives  200  miles  in  the  interior  gave  me  the  fruit  this  seed  came 
from  and  said  it  seemed  to  grow  wild.     In  appearance  it  was  very  much  like  a 
pawpaw,  but  the  flavor  was  semitart;  he  was  unable  to  learn  the  native  name. 
Where  this  came  from  there  is  some  snow  in  winter." 
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29106  to  29109.     Saccharum  officinarum  L.  Sugar  cane. 

From  Japan.     Purchased  from  the  Yokohama  Nursery  Co,,  Yokohama,  Japan. 
Received  December  3,  1910. 

Cuttings  of  the  following: 

29106.  "Chikusho.     Early  variety." 

29107.  "Earliest  variety  from  Kagawa  Ken." 

29108.  "  Kikaigashima.     Early  variety  from  Kagoshima  Ken." 

29109.  "Oshima.     Early  variety  from  Kagoshima  Ken." 
See  No.  28193  for  purpose  for  which  introduced. 

29110.     Citrus  limetta  Risso.  Lime. 

From  Seharunpur,  India.     Received  through  Mr.  R.  S.  Woglum,  of  the  United 
States  Department  of  Agriculture,  December  5,  1910. 

Sylhet. 

29111  to  29115. 

From  Peradeniya,  Ceylon.    Presented  by  Dr.  John  C.  Willis,  director,  Royal 
Botanic  Gardens.     Received  December  5,  1910. 
Seeds  of  the  following: 

29111.  DiosPYROS  AFFiNis  Thwaites. 
Distribution. — Known  only  from  the  island  of  Ceylon. 

29112.  DiosPYROS  ATTENUATA  Thwaites. 
Distribution. — Known  only  from  the  island  of  Ceylon. 

29113.  DiosPYROS  iNsiGNis  Thwaites. 

Distribution. — In  the  damp  forests  on  the  slopes  of  the  mountains  of  Ceylon 
up  to  an  elevation  of  2,000  feet,  and  on  the  Anamually  Hills  in  southern  India, 
to  an  elevation  of  2,000  to  3,000  feet. 

29114.  DiosPYROS  MOONii  Thwaites. 
Distribution. — Known  only  from  the  island  of  Ceylon. 

29115.  Maba  oblongifolia  Hiern. 

A  small  tree  closely  allied  to  Diospyros. 

Distribution. — Low  moist  regions  up  to  an  elevation  of  1,000  feet  in  the  island 
of  Ceylon. 

29116.     Diospyros  sp.  Persimmon. 

From  China.     Presented  by  Mr.  E.  T.  Williams,  a  member  of  the  Division  of  Far 
Eastern  Affairs,  Department  of  State,   through  Dr.  R.  H.  True.     Received 
December  5,  1910. 
"Some  years  since,  when  Mr.  Frank  Meyer  was  in  China,  he  asked  me  to  obtain 
for  him  if  possible  some  seeds  of  the  Chinese  persimmon,  which  is  for  the  most  part 
seedless.     I  mentioned  it  at  the  time  to  a  hiend,  who  is  now  in  Nanking  and  who 
has  sent  me  these  seeds  just  found  in  a  persimmon.     If  he  had  sent  a  larger  quantity 
an  interesting  experiment  might  have  been  made,  since  all  Chinese  persimmons  are 
propagated  by  grafting  upon  the  wild  stock."     {Extract  from  letter  of  Mr.  E.   T, 
Williams,  Dec.  1,  1910,  to  Dr.  True.) 
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29117  to  29121.  Asparagus  spp. 

From   Paris,  France.     Piu-chased    from  Vilmoiin-Andiieux   &    Co.     Received 
December  5,  1910. 
Seeds  of  the  following  climbing  varieties: 

29117.  Asparagus  blampiedii  Hort. 

29118.  Asparagus  CRispus  Lam. 

See  No.  28923  for  previous  introduction. 

29119.  Asparagus  comorensis  Hort. 

29120.  Asparagus  scandens  deplexus  Baker. 

Distribution. — In  woods  on  the  lower  slopes  of  the  mountains  in  the  Somerset 
division  of  the  central  region  of  Ca])e  Colony  and  in  the  vicinity  of  Cape  Town. 

29121.  Asparagus  verticillatus  L. 

' '  Fruit  red .    Height  3  to  4  meters.    Foliage  ornamental  from  April  to  October. ' ' 
Distribution.— Southeastern    Em-ope    and    western    Asia,    extending    from 

Tm-key  through  the  Caucasus  region  to  the  southern  part  of  Siberia  and  northern 

Persia. 

29122.     CoRDEAUxiA  EDULis  Hemsl.  Yeheta  nut. 

From  Kew,  England.  Presented  by  Dr.  David  Prain,  director,  Royal  Botanic 
Gardens.     Received  December  2,  1910. 

"The  yeheb  plant  grows  in  poor  sandy  soil  in  the  dry  regions  of  Italian  Somaliland. 
The  underground  soil  is  said  to  be  somewhat  moist  and  at  certain  seasons  of  the  year 
there  are  regular  and  plentiful  rains  in  the  localities  where  the  plant  grows. 

"The  yeheb  forms  an  evergreen  bush  about  4  to  6  feet  high  and  the  seeds  are  an 
important  article  of  food  among  the  Somalis. 

"Its  seeds,  called  nuts,  have  a  high  food  value,  containing  21  per  cent  of  cane 
sugar,  2  per  cent  of  reducing  sugars,  13  per  cent  of  proteids,  and  37  per  cent  of  cai'bo- 
hydrates.  They  form  an  article  of  commerce  and  are  brought  to  the  coast  by  caravans. 
They  are  eaten  by  the  native  Dolbahanta  Somalis  in  preference  to  rice  and  dates. 
Though  the  climate  of  Somaliland  is  not  well  known,  the  indications  are  that  where 
this  plant  grows  long  periods  of  drought  occm-,  but  rains  are  abundant  and  regular  at 
certain  seasons  of  the  year.  Winter  temperatm-es  probably  do  not  go  below  fi-eezing. 
The  plant  quickly  forms  a  long  taproot,  bears  when  only  4  feet  high,  has  evergreen 
leaves  which  if  crushed  stain  the  fingers  a  magenta  color,  and  grows  into  a  large  tree. 

"At  Kew  seedlings  have  been  raised  without  difficulty  under  moist  tropical  con- 
ditions, but  it  is  hoped  that  it  may  be  possible  to  establish  the  plant  in  dry  regions 
where  the  soil  is  poor  and  the  conditions  are  similar  to  those  of  its  native  country." 
(See  Kew  Bulletin,  1908,  No.  1,  pp.  36^4,  and  No.  3,  p.  141.) 

"I  doubt  very  much  if  Florida  will  suit  this  plant,  but  the  southern  part  of  Cali- 
fornia seems  more  hopeful.  It  is  evident,  however,  from  its  behavior  with  us  that 
it  is  one  of  those  desert  plants  which  insist  on  having  desert- conditions  so  far  at  least 
as  the  surface  is  concerned,  though  I  suspect  it  likes  to  be  able  to  tap  a  deep  supply 
of  water.  Perhaps  a  sand  draw,  pro\'ided  such  can  be  found  in  a  region  sufficiently 
hot,  would  be  the  ideal  locality  for  it."     (Prain.) 

29123  and  29124.     Citrus  limetta  Risso.  Lime. 

From  Trinidad,  British  West  Indies.     Collected  and  presented  by  Mr.  G.  P. 
Wilder,  of  Hawaii.     Received  December  7,  1910. 
Cuttings  of  the  following;  notes  by  Mr.  Wilder: 

29123.     "Spineless  lime,  from  St.  Clair  Experiment  Station,  Port  of  Spain. 
This  lime  had  few  seeds,  juice  was  of  fine  quality,  shape  roundish  and  de- 
pressed.   There  are  about  6  to  8  trees,  very  healthy  and  robust.    The  entire 
wood  is  free  from  thorns." 
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29123  and  29124.     Citrus  limetta  Risso — Continued. 

29124.  "Potter  seedless  lime,  from  Tree  River  Estate,  LaBrea,  Pitch  Lake. 
These  limes  were  excellent.  I  sampled  over  two  dozen  and  did  not  find 
any  signs  of  seeds.  Skin  greenish;  rind  thick,  but  as  the  location  of  the 
tree  was  a  low,  damp,  fertile  valley  I  am  led  to  believe  it  would  not  produce 
such  coarse-skinned  fruits  under  different  circumstances." 

29125.  NicoTiANA  TABACUM  L.  Tobacco. 
From  Cuba.     Presented  by  Mr.  F.  L.  Cervantes,   Havana,  Cuba.    Received 

December  8,  1910. 
San  Juan  y  Marlines. 

29126.  NicoTiANA  TABACUM  L.  Tobacco. 

From  Pinar  del  Rio,  Cuba.     Presented  by  Mr.  Francisco  A.  Montero,   Santa 
Clara,  Cuba.     Received  December  12,  1910. 

Vuelta. 

29127  and  29128.     Nicotiana  tabacum  L.  Tobacco. 

From  Cuba.     Presented  by  Mr.  Robert  M.  Grey,  superintendent.  Harvard  P)Otan- 
ical  Experiment  Station,  Cienfuegos,  Cuba.     Received  December  5,  1910. 
Seeds  of  the  following: 

29127.  Remedios.  Grown  one  year  in  Manicaragua,  the  chief  tobacco  dis- 
trict in  Santa  Clara  Province. 

29128.  Vuelta.     From  the  city  of  Pinar  del  Rio,  Vuelta  Abajo  district. 

29129.     Rajania  pleioneura  Griseb.  "Waw-waw." 

From  Cuba.     Presented  by  Mr.  Robert  M.  Grey,  superintendent,  Harvard  Botan- 
ical Experiment  Station,  Cienfuegos,  Cuba.     Received  December  8,  1910. 
"A  large  tuber  that  was  brought  in  by  one  of  the  Guajiros  from  the  hills  under  the 
name  ' Guagua  name. '     It  is  also  known  here  under  the  name  of  'Alambrillo. ' "    (Grey.) 
See  No.  28894  for  previous  introduction. 

29130  and  29131.     Saccharum  officinarum  L.  Sugar  cane. 

From  Cuba.     Presented  by  Mr.  Robert  M.  Grey,  superintendent,  Harvard  Botan- 
ical Experiment  Station,  Cienfuegos,  Cuba.     Received  December  8,  1910. 
Cuttings  of  the  following: 

29130.  Caledonia  Queen. 

29131.  Louisiana  Purple. 

29132.  Castanea  crenata  S.  and  Z.  Chestnut. 

From  Japan.     Presented  by   Prof.   T.   Minami,   Agricultural   College,   Tokoku 
Imperial  University,  Hokushu,  Japan.     Received  December  10,  1910. 
Aomori.     A  variety  of  chestnut  which  is  said  to  occiur  in  the  northern  part  of  the 
north  island  of  Japan. 

29133.  Phytolacca  acinosa  Roxb. 

From  Japan.     Purchased  from  the  Yokohama  Nursery  Co.,  Yokohama,  Japan. 
Received  December  10,  1910. 
Variety  esculenta.     "This  is  a  perennial  found  wild  only  in  moist  mountain-forest 
undergrowth.     The  leaves  are  eaten  boiled  in  miso  soup  by  rural  people;  the  root  is 
somewhat  poisonous  and  is  used  as  a  drug  by  the  herb  medical  school;  the  berries/ 
are  not  edible."     (  Yokohama  Nursery  Co.) 

Distribution. — Southeastern  Asia,  extending  from  northern  India  eastward  through 
China  to  Japan. 
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29134.     Ilex  paraguariensis  St.  Hil.  Yerba  mate. 

From    Paraguay.     Presented    by    Mr.    C.    F.    Mead,    Cahi    Puente,    Paraguay. 
Received  December  10,  1910. 
"Crop  of  1910." 
See  No.  29097  for  description. 

29137.     Persea  Americana  Miller  1768.  Avocado. 

(Persea  gratissima  Gaertn.  f.  1805.) 

Material  growing  at  the  Subtropical  Garden,  Miami,  Fla.  Numbered  December, 
1910. 
"Bud  wood  fm-nishedby  Mr.  Andrew  Hardie,  Cocoanut  Grove,  Fla.,  who  mailed  a 
specimen  of  fruit  to  this  office.  The  tree  is  a  seedling  of  the  Trapp  variety,  but 
differs  from  this  sort  in  the  shape  of  the  fruit,  which  is  slightly  ovoid  and  of  a  very 
attractive  purplish-red  color.  It  is  said  to  be  quite  prolific  and  promises  to  be  one 
of  the  most  valuable  accessions  to  oiu*  avocado  collection,  not  so  much  on  account  of 
superior  quality  but  for  its  unusually  attractive  appearance  and  the  fact  that  it 
ripens  late,  about  Christmas.  The  fruit  is  medium  to  large  size,  possesses  a  very 
thick  skin,  and  the  meat  is  medium  thick,  yellow,  and  very  tender.  The  seed  ia 
comparatively  large  but  firmly  inclosed  by  the  meat."     {H.  F.  Schultz.) 

29138  to  29140.     Medicago  spp. 

From  India.     Presented  by  Mr.  F.  Booth  Tucker,  Salvation  Army,  Simla,  India. 
Received  December  14,  1910. 
Seeds  of  the  following;  notes  by  Mr.  Tucker: 

29138.    Medicago  hispida  apigulata  (Willd.)  Urban. 

From  the  Punjab  Agricultural  College  (irrigated  colonies).     "This  is  known 
here  as  Maina.    The  Director  of  Agriculture  tells  me  that  this  is  an  excellent 
fodder  for  cattle,  and  especially  for  milch  cows,  but  that  it  is  not  suitable  for 
horses." 
28139.     Medicago  falcata  L. 

From  Lahul,  in  the  heart  of  the  Himalayas,  near  Kashmir.  "  Lahul  is  a  valley 
10,000  to  11,000  feet  above  the  sea,  surrounded  by  glaciers  and  snowy  moun- 
tains and  covered  with  snow  during  the  winter  months." 

29140.  Medicago  sativa  L.  Alfalfa. 
From  the  Punjab  Agricultural  College  (irrigated  colonies).     "The  ordinary 

Medicago  sativa  as  grown  in  the  Punjab  by  horse  breeders." 

29141  to  29150. 

Received  through  Mr.  Frank  N.  Meyer,  agricultural  explorer,  December  10,  1910. 
Cuttings  of  the  following: 

29141.  RiBES  sp.  Red  currant. 
From  near  Guldscha,   Russian  Turkestan.     "(No.  791,  October  10,   1910.) 

Found  gro-ftdng  on  a  dry  mountain  side  at  an  elevation  of  about  6,000  feet.  Of 
vigorous  growth,  the  tallest  stems  being  8  feet  long.  Of  value  in  hybridization 
experiments  and,  when  somewhat  improved,  as  a  hardy  garden  fruit  for  the 
northern  sections  of  the  United  States."     (Meyer.) 

29142.  RiBES  nigrum  L.  Black  currant. 
From  near  Terek-Dawan,  Russian  Turkestan.     "(No.  792,  October  13,  1910.) 

Found  growing  in  a  cold,  stony  canyon  at  an  elevation  of  over  9,000  feet  above 
sea  level.  The  Russians  who  live  here  and  there  in  the  mountains  make  a  very 
palatable  preserve  from  the  ripe  berries.  This  shrub  may  be  of  value  as  a  garden 
fruit  in  the  most  northern  sections  of  the  United  States."    (Meyer.) 
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29141  to  29150— Continued. 

29143.  Saux  sp.  Willow. 
From  Guldscha,  Russian  Turkestan.     "(No.  793,  October  11, 1910.)     A  willow 

found  on  sandy  alkaline  flats;  has  long,  very  narrow  leaves,  and  reddish  twigs. 
The  trunk,  when  getting  old,  assumes  a  black  color  and  is  often  twisted  and 
gnarled.  The  wood  is  harder  than  any  other  willow  I  ever  saw.  The  trees 
grow  only  to  a  moderate  size  and  may  be  of  value  as  ornamental  garden  and  park 
trees  and  as  windbreaks  in  alkaline  sections  of  the  United  States.  The  young 
twigs  are  very  pliable  and  may  be  employed  as  a  tying  material."    {Meyer.) 

29144.  Salix  sp.  Willow. 
From  Chinese  Turkestan,  near  Irkestan.     "(No.  794,  October  15,  1910.)     A 

shrubby  willow  with  reddish  twigs  and  very  lanceolate  leaves,  found  growing 
on  very  sandy  and  alkaline  places.  It  has  sand-binding  qualities,  while  the 
young  twigs  are  fit  for  tying  purposes  and  for  basket  material.  Of  value  in 
sandy  and  alkaline  sections  of  the  United  States  as  a  hedge  plant  and  an  arrester 
of  moving  sands."    {Meyer.) 

29145.  Salix  sp.  WiUow. 
From  Chinese  Turkestan,  near  Irkestan.     "(No.  795,  October  15,  1910.)     A 

tall  shrubby  willow  having  reddish  young  twigs,  while  the  stems  become  quite 
white  when  older.  Growing  on  alkaline  flats  on  wind-swept  places.  Of  value 
as  a  windbreak  and  hedge  plant  in  alkaline  sections  of  the  northern  United 
States."     {Meyer.) 

29146.  Lonicera  sp.  Honeysuckle. 
From  Chinese  Turkestan,  near  Irkestan.     "(No.  796,  October  15,  1910.)    A 

shrubby  honeysuckle,  growing  on  remarkably  dry,  stony,  and  wind-swept 
places  at  altitudes  often  over  9,000  feet  above  the  sea.  It  has  small,  somewhat 
downy  leaves  and  bears  yellow  berries.  Recommended  as  an  ornamental 
garden  shrub  and  as  a  possible  hedge  plant  in  the  dry,  cold  sections  of  the 
United  States."     {Meyer.) 

29147.  Reaumuria  sp. 

From  Chinese  Turkestan,  near  Irkestan.  "(No.  797,  October  15,  1910.)  A 
Tamarix-like  shrub  found  on  very  sandy  and  alkaline  flats  at  elevations  of  8,000 
feet  and  less.  Recommended  as  a  sand  binder  in  sandy  sections  of  the  northern 
United  States."     {Meyer.) 

29148.  PoPULUS  sp.  Poplar. 
From  Chinese  Turkestan,  near  Irkestan.     "(No.  798,  October  15,  1910.)     A 

poplar  found  here  and  there  in  clumps  on  sandy  flats  and  on  alkaline  places. 
Leaves  round,  elliptical.  Color  of  trunk  and  twigs  gray  white.  The  trees 
apparently  do  not  grow  very  large.  They  may  prove  of  value  as  shade  trees 
and  as  windbreaks  around  gardens  in  alkaline  sections  of  the  northern  United 
States."     (Meyer.) 

29149.  Tamarix  sp.  Tamarisk. 
From  near  Ulukshat,  Chinese  Turkestan.     "  (No.  799,  October  16,  1910.)    A 

low -growing  tamarisk  found  on  sandy  and  alkaline  level  places  at  elevations 
of  7,000  and  8,000  feet  above  sea  level.  Arrests  blowing  sands  quite  well  and 
is  recommended  for  this  purpose  in  the  colder  sections  of  the  United  States." 
{Meyer.)  ' 

29150.  Crataegus  sp.  Hawthorn. 
From  near  Kan-Shugan,  Chinese  Turkestan.     "  (No.  800,  October  17,  1910.) 

A  hawthorn  of  dense  growth,  reaching  the  size  of  a  small  tree.  Leaves  large 
and  deeply  lobed;  berries  pale  yellow.  Found  on  stony  places  along  water- 
courses at  elevations  of  7,000  and  8,000  feet  above  sea  level.  Of  value  as  an 
ornamental  park  and  garden  tree  in  the  northern  sections  of  the  United  States." 
( Meyer.) 
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29151.     Euphorbia  canariensis  L. 

From  Teneriffe,  Canary  Islands.     Presented  by  Mr.  R.  J.  Hazeltine,  American 
vice  consul.     Received  November  10,  1910. 
See  Nos.  3031  and  10693  for  previous  introductions. 

Distribution. — A  shrub  or  tree  12  to  20  feet  high  with  4  to  6  angled  branches,  native 
of  the  Canary  Islands. 

29152  and  29153. 

From  island  of  Mauritius.     Presented  by  Mr.  G.  Regnard,  Port  Louis.     Received 
December  9,  1910. 
Seeds  of  the  following: 

29152.  NoRTHEA  SEYCHELLANA  Hook.  f.  Capucin. 

This  is  a  tree  60  to  80  feet  high,  with  thick  coriaceous  leaves  5  to  9  inches 
long,  and  bearing  inconspicuous  flowers  in  small  axillary  clusters  which  pro- 
duce large  fruits  with  a  seed  the  size  of  a  hen's  egg.  It  is  a  native  of  Three 
Brothers  Island  in  the  Seychelles  Archipelago. 

29153.  Stadmannia  oppositifolia  Lam. 

"JSois  de  fer.— This  tree  is  scarce  in  our  forests;  it  produces  bunches  of  a 
fruit  resembling  Nephelium  longan  which  are  devastated  before  ripening  by 
monkeys  and  bats.  The  pulp  of  these  fruits  makes  excellent  jelly  and  jam 
which  recall  those  of  quince.  The  tree  is  fine  and  its  wood  of  an  extreme 
tenacity."  {Regnard.) 
Distribution. — Found  occasionally  in  the  forests  in  the  island  of  Mauritius. 

29154  to  29160. 

The  following  plants  propagated  by  Mr.  G.  L.  Taber,  Glen  St.  Mary  Nursery  Co., 
Glen  St.  Mary,  Fla.,  for  distribution  by  the  Office  of  Crop  Physiology  and 
Breeding  Investigations.     Numbered  December  16,  1910. 

Seedling  plants  as  follows: 

29154  to  29158.    Citrus  trifoliata  X  aurantium.  Citrange. 

29154.  Colman.     See  No.  19609. 

29155.  Morton.     See  No.  16872. 

29156.  Rusk.     See  No.  13002. 

29157.  Rusk.     Budded  on  sour  stock. 

29158.  Colman.     Budded  on  sour  stock. 

29159.    Citrus  decumana  X  nobilis.  Tangelo. 

Sampson.  "This  is  a  hybrid  between  the  ordinary  grapefruit  or  pomelo 
(female  parent)  and  the  Dancey  tangerine  (male  parent).  The  color  of  the  fruit 
is  much  like  that  of  an  orange.  Its  size  is  midway  between  the  pomelo  and 
tangerine.  In  flavor  it  is  sprightly  acid,  but  rather  sweeter  than  the  pomelo. 
Its  most  pronounced  characters,  however,  are  the  looseness  of  the  rind  and  the 
ease  with  which  the  segments  can  be  separated;  in  these  qualities  it  partakes 
of  the  nature  of  the  tangerine.  In  short,  the  fruit  is  much  like  a  high-flavored 
orange,  but  has  a  trace  of  the  sprightly  flavor  of  the  grapefruit.  The  tree  is  an 
early  and  abundant  bearer.  The  Sampson  tangelo  is  of  course  no  hardier  than 
either  parent  and  can  be  grown  only  in  the  orange  belts  of  Florida  and  Cali- 
fornia."    {W.  T.  Swingle.) 

Note. — This  Sampson  tangelo  is  exactly  the  same  aa  Nos.  13004  and  21596, 
except  that  it  is  grafted  on  Citrus  trifoliata  stock. 
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29154  to  29160— Continued. 

29160.     CiTKUs  TKiFOUATA  X  AURANTiuM.  Citi'ange. 

Etonia  or  fl()\voiin<^  cMln\nij;c.  "This  is  a  hybrid  lietween  the  common  orautre 
and  the  trifoliata,  liaving  the  same  parents  as  the  Column,  Morion,  and  (jther 
standard  citranges.  So  far  it  has  borne  almost  no  fruit.  On  the  other  hand, 
it  flowers  profusely  in  early  spring  and  the  flowers  are  very  large  in  size,  larger 
than  those  of  either  parent.  They  appear  with  the  leaves  and  are  often  so 
abundant  as  almost  to  hide  the  foliage.  This  variety  is  being  distributed  on  a 
small  scale  for  trial  in  cities  for  dooryard  planting,  where  an  ornamental  rather 
than  a  fruit  tree  is  desired."     {W.  T.  Swingle.)  . 

29161.  Persea  AMERICANA  Miller.  Avocado. 

From  Barbados,  British  West  Indies.  Presented  by  Mr.  A.  S.  Archer,  Antigua, 
British  West  Indies.     Received  December  16,  1910. 

"The  fruits  from  which  I  obtained  these  seeds  were  purple  and  each  weighed  from 
2  pounds  10  ounces  up  to  3  pounds  2  ounces;  nothing  better  could  have  been  desired. 
The  seed  cavity  was  small."    {Archer.) 

29162.  Anona  RETICULATA  L.  Custard-apple. 

From  Cairns,  North  Queensland,  Australia.  Presented  by  Prof.  Howard  New- 
port, instructor  in  tropical  agriculture  and  manager  of  the  Kamerunga  State 
Nursery,  Department  of  Agriculture.     Received  December  15,  1910. 

Cuttings. 

29163.  NicoTiANA  TABACUM  L.  Tobacco. 

From  the  district  of  Mascota,  in  the  State  of  Jalisco,  on  the  west  coast  of  Mexico. 
Presented  by  Dr.  Pehr  Olsson-Seffer,  editor,  American   Review  of  Tropical 
Agriculture,  Mexico  City,  Mexico.     Received  December  10,  1910. 
"This  seed  is  from  the  variety  which  supplies  the  cigar  leaf  of  the  locally  well- 
known  Mascota  cigars,  and  is  considered  one  of  the  best  in  this  country."    (Olsson- 
Seffer.) 

29164.  Agave  sp.  Agave. 

From  Costa  Rica.  Presented  by  Mr.  Carlos  Werckl6,  through  Prof.  H.  Pittier. 
Received  December  15,  1910. 

"These  plants  are  of  no  value  for  the  production  of  fiber,  but  the  character  of  the 
leaves  indicates  that  they  are  likely  to  be  very  attractive  ornamentals  and  I  suggest 
that  they  be  distributed  either  to  botanical  gardens  or  to  growers  of  succulent  plants." 
(L.  H.  Dewey.) 

29165.  Citrus  sp.  Orange. 

From  Bahia,  Brazil.  Presented  by  Mr.  Southard  P.  Warner,  American  consul. 
Received  December  10,  1910. 

"Laranja  da  terra."     Used  as  a  stock.     For  description,  see  No.  30605. 

29166.  Andropogon  sgrghuivi  (L.)  Brot.  Kowliang-  (?) 

From  Chillicothe,  Tex.  GrowTi  by  Mr.  A.  B.  Conner,  in  charge  of  the  Depart- 
ment experiment  farm.     Received  December  12,  1910. 

"Grown  from  No.  27764  which  was  secured  from  Mr.  J.  K.  Freed,  Scott  City,  Kans. 
This  variety  came  from  Mr.  Freed  as  WTiite  Amber  sorgo,  but  it  is  e^^dently  a  kowliang. 
It  gives  considerable  promise,  because  of  its  earliness,  as  both  a  grain  and  a  forage 
crop."     (Conner.) 
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29167.     Zea  mats  L.  Corn. 

From  near  Ciudad  del  Maiz,  State  of  San  Luis  Potosi,  Mexico,  the  latitude  being 
approximately  22°  20^  and  the  longitude  being  approximately  20  miles  west 
of  the  line  which  runs  exactly  north  and  south  through  Mexico  City.     The 
elevation  of  the  ranch  is  approximately  1,000  meters.     Presented  by  Mr.  Wil- 
bert  L.  Bonney,  American  consul,  San  Luis  Potosi,  Mexico.     Received  Decem- 
ber 16,  1910. 
"This  com  was  grown  by  an  American  ranchman  who  selects  his  seed  com  carefully, 
and  this  sample  may  be  regarded  as  representing  the  best  corn  now  grown  in  this 
State."     {Bonney.) 

29169  and  29170. 

From  Seharunpw,  India.     Received  through  Mr.  R.  S.  Woglum,  of  the  United 
States  Department  of  Agriculture,  December  20,  1910. 
Seeds  of  the  following: 

20169.     Bambos  sp.  Bamboo. 

"Said  to  be  seed  of  a  bamboo  which  grows  wild  around  Seharunpur." 
{Woglum.) 

29170.      LiMONIA   ACIDISSIMA   L. 

"I  found  one  tree  of  this  species  in  the  Botanical  Garden  at  Seharunpur, 
Tree  25  to  30  feet  tall  and  very  healthy.  Fruit  ripening  at  this  time  of  year 
(November  15).  A  small  blackish  fruit,  almost  half  an  inch  in  diameter,  con- 
taining a  small  pit  of  roundish  form."     {Woglum.) 

See  No.  26496  for  previous  introduction. 

29171.  DiosPYROS  sp.  Persimmon. 

From  Tampico,  Mexico.     Presented  by  Mr.  Clarence  A.  Miller,  American  consul, 

who  procured  them  from  Mr.  Mordelo  Vincent.     Received  December  17,  1910. 

"The  fruits  from  which  this  seed  was  taken  are  not  very  large.     They  have  green 

ekins  and  black  meat  and  resemble  in  contour  the  Japanese  persimmon.    They  are 

very  sweet  but  insipid  and  full  of  seed."     {Miller.) 

29172.  NicoTiANA  TRiGONOPHTLLA  Dunal.  Wild  tobacco. 

From  the  neighborhood  of  San  Pedro  de  Ocampo,  Mexico.     Presented  by  Dr. 
Elswood  Chaffey,  Cerros,  Mazapil,  Zacatecas,  Mexico.     Received  December  19,  1910. 

Cimarron. 

Distribution. — In  sandy  soil,  Texas  to  Califomia  and  southward  to  the  vicinity  of 
Coahuila  in  central  Mexico. 

29173.  ZizANiA  LATiFOLiA  (Griseb.)  Stapf.  Wild  rice. 
From  Canton,  China.     Presented  by  Mr.  G.  W.  Groff,  Canton  Christian  College. 

Received  December  20,  1910. 
"  Woo  kau  or  kau  sun  J' 
See  No.  26760  for  previous  introduction. 
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29174  and  29175. 

From  Mexico.     Secured  by  the  Supervisor  of  Forests,  Tucson,  Ariz.,  from  the 
Director  General  of  Agriculture  of  Mexico.     Received  December  20,  1910. 
Seeds  of  (he  following: 

29174.  CuPRESsus  thurifera  II.  B.  K.  Cypress. 
Distribution. — Wooded  slopes  of  the  mountains  in  the  vicinity  of  Tasco  and 

Orizaba,  Mexico,  at  an  elevation  of  5,000  to  7,000  feet. 

29175.  PiNUS  MONTEZUMAE  Lamb.  Pine. 

Distribution. — Mountain  slopes  at  an  elevation  of  3,500  to  12,000  feet  from 
Chihuahua  southward  to  the  vicinity  of  Orizaba,  Mexico. 

29176  to  29197. 

From  Philippine  Islands.     Presented  by  Mr.   H.  M.  Curran,   Forest  Service, 
Manila,  P.  I.     Received  December  12,  1910. 
Seeds  of  the  following;  notes  by  Mr.  Curran: 

29176.  Clitoria  ternatea  L. 

"Calocanting  (Tagalog).  Rapid-growing  vine  with  ornamental  foliage  and 
large,  blue  solitary  flowers.     Commonly  cultivated  in  the  Philippines." 

29177.  (Undetermined.)     (Fabaceaj.) 

"A  \'ine  found  commonly  by  road.sides,  ornamental." 

29178.  Casuarina  equisetifolia  Stickman. 

"Agoho  (Tagalog).  A  rapid-growing  ornamental  timber  tree,  suitable  for 
planting  on  sandy  exposed  beaches." 

29179.  Carica  papaya  L.  Papaya. 
"Edible  fruit,  good  flavor;  cultivated  and  wild." 

29180.  DiDYMOSPERMA    Sp. 

"Pugaham  (Tagalog).     A  large,  rapid-growing,  very  ornamental  palm." 

29181.  Intsia  sp. 

"Ipil  (Tagalog).  Large,  rapid-growing,  ornamental  timber  tree.  Wood  very 
durable.     Grows  near  tidewater.     Purple  and  white  flowers." 

29182.  Cassia  fistula  L. 

"Canajistula  (Tagalog).  An  ornamental  rapid-growing  timber  tree;  wood 
durable.  Bears  large  clusters  of  yellow  flowers,  very  showy.  Fruit  is  used  for 
medicine." 

29183.  Oroxylon  indicum  (L.)  Vent. 

" Pincapincahan  (Tagalog).  Ornamental  medium-sized  tree.  Very  rapid 
growing.     Wood    used   for  matches.     Large  purple  flowers  and   conspicuous 

.    -it." 

Distribution. — Throughout  India  from  the  Himalayas,  where  it  reaches  an 
altitude  of  3,000  feet,  southward  to  Ceylon  and  Burma,  and  in  Cochin  China  and 
the  Malay  Archipelago. 

29184.  Mezoneuron  glabrum  Desf. 

''  Cabit-cabag  (Tagalog).     A  rapid-growing  vine,  bearing  ornamental  fruit." 

Distribution. — The  Province  of  Tenasserim  in  southern  Burma,  the  island  of 
Timor,  and  in  the  Philippines. 

29185.  Cassia  sp. 

"Balacbac  (Tagalog).     A  low-growing  shrub  with  conspicuous  ornamental 
yellow  flowers." 
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29176  to  29197— Continued. 

29186.  (Undetermined.)     (Fabacese.) 

"Tagum  (Tagalog).  A  small  txee,  wood  hard  and  durable,  bears  spikes  of 
purple  flowers." 

29187.  Erythrina  indica  Lam. 

"Dap-dap  (Tagalog).  Ornamental  seaside  tree  with  conspicuous  masses  of 
showy  red  flowers  which  appear  before  the  leaves.  Plant  deciduous  during 
dry  season." 

See  No.  26499  for  previous  introduction. 

29188.  Wallichia  tremula  (B1.)  Mart. 

"Dumayuca  (Tagalog).     An  ornamental  low-growing  palm.     Midrib  used  for 
making  brooms." 
Distribution. — Known  only  from  the  Philippines. 

29189.  (Undetermined.) 

"Antipolo  (Tagalog).  A  large  rapid -growing  timber  tree.  Tree  yields 
abundant  white  latex,  used  for  birdlime.  Immature  fruit  reported  edible  when 
cooked." 

29190.  Albizzia  sp. 

' '  Malasampaloc  (Tagalog) .  An  ornamental  medium-sized  timber  tree ;  durable 
wood.     Tree  resembles  Tamarindus  indica.'" 

29191.  PiTHECOLOBiuM  ACLE  (Bl.)  Vidal. 

''Acle  (Tagalog).  An  ornamental  timber  tree.  Mimosa- like  white  flowers; 
conspicuous  fruits." 

29192.  (Undetermined.)     (Asclepiadacese.) 

"Ornamental  vine.  Large  fruits;  possible  source  of  rubber.  Abundant 
fiber,  with  seeds;  possibly  of  commercial  importance." 

29193.  ViGNA  UNGUicuLATA  L.  Cowpea. 
"Setar  (Tagalog).     Cowpea  cultivated  by  Negritos  of  Zambales." 

29194.  TooNA  CALANTAS  Merrill  and  Rolfe. 

"Calantas  (Tagalog).     An  ornamental  timber  tree  furnishing  the  cigar-box 
cedar." 
Distribution. — The  islands  of  Luzon  and  Mindoro,  in  the  Philippines. 

29195.  DiosPYROS  KAKi  L.  f.  Persimmon. 
"Chinese  persimmon  sold  on  the  Manila  market.     Large  red  fruits,  good 

flavor." 

29196.  (Undetermined.)    (Apoc>Tiaceae.) 

"An  ornamental  vine,  copious  latex,  possible  source  of  rubber  and  fiber." 

29197.  Mespilus  germanica  L.  Medlar. 
"Medlar  pear,  sold  on  the  markets  of  eastern  Europe.     Flesh  soft,  with  much 

the  color  and  taste  of  decayed  apples." 

29198  to  29203. 

From  Argentina.     Procured  by  Prof.  F.  Lamson-Scribner  from  Mr.  Carlos  Girola, 
secretary  of  the  Society  Rural,  Buenos  Aires.     Received  October  17,  1910. 

Seeds  of  the  following: 

29198.  CucuMis  MELO  L.  Muskmelon. 
From  the  American  consul,  Buenos  Aires. 
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29199.  Oryza  sativa  L.  Rice. 
"Bolita."     From  Tucuman  Province. 

29200.  Oryza  sativa  L.  Rice. 
''Negro."     From  Misiones  Province. 

29201.  Triticum  durum  Desf.  Wheat. 
"Anchuelo."     From  Entre  Rios  Province. 

29202.  Triticum  turgidum  L.  Wlieat. 
"Mcdeah."     From  Jujuy  Province, 

29203.  Triticum  durum  Desf.  Wheat. 
"Candeal."     From  central  part  of  La  Pampa  Province. 

29206  to  29208.     Chayota  edulis  Jacq.  Chayote. 

From  Kingston,  Jamaica.     Presented  by  Mr.  William  Harris,  Superintendent 
of  Public  Gardens,  Department  of  Agriculture.     Received  December  22,  1910, 
Seeds  of  the  following: 

29206.  Black  (not  black,  however,  but  a  dark  green). 

29207.  Green  (a  light  green) , 

29208.  White  (milky  white). 

29209.  CucuRBiTA  PEPo  L.  Pumpkin. 

From  Florida.  Presented  by  Mr.  Lorenzo  D.  Creel,  United  States  Indian  Service, 
Fort  Myers,  Fla.     Received  December  22,  1910. 

"Seeds  of  a  pumpkin  I  found  the  Seminole  Indians  in  the  Everglades  were  growing 
and  probably  have  been  growing  for  a  very  long  time.  It  is  remarkable  for  its  sweet- 
ness and  good  keeping  quality."     (Creel.) 

29210.  Hibiscus  sabdariffa  L.  Roselle. 

From  Mayaguez,  Porto  Rico.  Presented  by  Mr.  C.  F.  Kinman,  horticulturist, 
Porto  Rico  Agricultural  Experiment  Station.     Received  December  29,  1910. 

"Roselle  does  exceeding  well  here.  The  plants  when  set  3  or  4  feet  apart  branch 
freely,  grow  to  be  6  to  9  feet  tall,  and  produce  200  or  more  fruits.  The  fruit  makes  a 
delicious  sauce  which  by  one  not  familiar  with  roselle  is  mistaken  for  cranberry.  At 
Thanksgiving  the  fruit  is  in  demand  here  by  Americans,  but  I  am  surprised  at  the 
little  care  they  have  for  it  except  on  that  date.  The  Porto  Ricans  do  not  care  for  so 
tart  a  fruit,  so  the  market  for  it  here  will  continue  to  be  very  limited.  The  plants 
require  so  little  attention  and  are  so  prolific  that  quantities  of  it  would  be  raised  ^^  ere 
there  any  demand.  It  can  be  dried  easily,  and  some  experiments  indicate  that  it 
will  keep  well,  making  it  possible  to  supply  a  market  at  any  time  of  the  year. 

"  I  can  only  guess  as  to  the  value  of  this  plant  in  the  Southern  States  where  the 
soil  is  quite  sandy  and  in  some  places  dry,  as  my  experience  in  growing  roselle  is  limited 
to  Porto  Rico  and  Cuba,  where  the  soil  is  a  heavy  clay  and  where  the  plants  do  well." 
(Kinman.) 

29211.  Ananas  sativus  Schnlt.  f.  Pineapple. 

From  Tjiomas,  Java.  Presented  by  the  Director  of  Agriculture,  Buitenzorg, 
Java.     Received  December  29,  1910. 

"A  large  pineapple,  mandaloeng,  from  Tjiomas.     This  is  less  fragrant  than  the 
common  nanas  Bogor,  also  from  Tjiomas."     {Teysmannia,  vol.  21,  no.  S,  1910.) 
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29213  to  29270. 

Received  through  Mr.  Frank  N.  Meyer,  agricultural  explorer,  December  20, 1910. 
Seeds  of  the  following: 

29213.  Amygdalus   communis    L.  Almond. 
From   Khokan,  Russian   Turkestan.     "(No.    1413a,    September   28,  1910.) 

Astachan  badam.  A  large  thin-shelled  variety  of  almond  cultivated  around 
Khokan  and  considered  to  be  fine.  As  the  climate  around  Khokan  is  semi- 
arid  with  long,  hot  summers  and  medium-cold  winters,  while  the  soil  is  decid- 
edly alkaline,  these  almonds  may  prove  hardier  and  more  alkali  resistant  than 
the  varieties  coming  from  southern  Europe."     (Meyer.) 

29214.  Amygdalus  communis  L.  Almond. 
From    Khokan,    Russian   Turkestan.    "(No.    1414a,    September   28,    1910.) 

Kasan  hadavi.  A  large,  medium,  thin-shelled  almond  cultivated  around  Kho- 
kan, considered  to  be  a  fine  variety.  For  further  remarks  see  preceding  num- 
ber."    (Meyer.) 

29215.  Amygdalus  communis  L.  Almond. 
From   Khokan,    Russian  Turkestan.     "(No.    1415a,    September  28,    1910.) 

Khandak  badam.  A  small,  round,  semihard-shelled  almond  grown  around 
Khokan.  For  climatological  remarks  see  No.  1413a  (S.  P.  I.  No.  29213)." 
(Meyer.) 

29216.  Amygd.\lus  communis  L.  Almond. 
From   Khokan,    Russian  Turkestan.     "(No.    1416a,    September  28,   1910.) 

Khandak  badam.  A  small  soft-shelled  variety  of  almond  grown  around  Khokan. 
See  No.  1413a  (S.  P.  I.  No.  29213)  for  further  remarks."     (Meyer.) 

29217.  Amygdalus  communis  L.  Almond. 
From  Khokan,   Russian  Turkestan.     "(No.   1417a,    September  28,   1910.) 

Khandak  badam.  A  small  soft-shelled  variety  of  almond  grown  around  Khokan. 
See  No.  1413a  (S.  P.  I.  No.  29213)  for  further  remarks."     (Meyer.) 

29218.  Amygdalus  communis  L.  Almond. 
From   Khokan,   Russian  Turkestan.     "(No.   1418a,   September  28,   1910.) 

Task  badam.  A  medium-sized  hard-shelled  variety  of  almond  grown  around 
Khokan.     See  No.  1413a  (S.  P.  I.  No.  29213)  for  further  remarks."     (Meyer.) 

29219.  Pistacia  vera  L.  Pistache. 
From  Khokan,  Russian  Turkestan.     "(No.  1419a,  September  28,  1910.)     A 

good  variety  of  pistache  nut  coming  from  northern  Afghanistan."     (Meyer.) 

29220.  Prunus  armeniaca  L.  Apricot. 
From    Khokan,    Russian    Turkestan.     "(No.    1420a,    September  28,1910.) 

Khandak  uruk.  A  small  variety  of  apricot,  exceedingly  sweet,  having  a  thin- 
shelled  stone  and  sweet  kernel,  cultivated  around  Khokan."     (Meyer.) 

29221.  Prunus  armeniaca  L.  Apricot. 

From  Khokan,  Russian  Turkestan.  "(No.  1421a,  September  28,  1910.) 
Mirshan  djali  uruk.  A  large  variety  of  apricot  of  very  sweet  taste.  Stone 
large;  kernel  sweet.     Cultivated  around  Khokan."     (Meyer.) 

29222.  Prunus  armeniaca  L.  Apricot. 
From  Khokan,  Russian  Turkestan.     "(No.  1422a,  September  28,  1910.)     A 

large  apricot  of  good  quality,  obtained  in  Khokan."     (Meyer.) 
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29223.  Prunus  armeniaca  L.  Apricot. 
From  Kashgar,  Chinese  Turkestan.     "(No.  1423a,  October  27,  1910.)    Sweet- 

kerneled  apricot  stones  sold  on  fruit  stands  in  Kashgar.  Eaten  like  almonds; 
also  much  used  in  cakes."     {Meyer.) 

29224.  Prunus  cerasifera  divaricata  (Ledeb.)  Schneider  (?).       Plum. 
From    Khokau,    Russian   Turkestan.     "(No.    1424a,    September  28,    1910.) 

Alitcha.  A  small,  very  sour  variety  of  plum  of  reddish  or  yellow  color.  Used 
by  the  native  population  in  meat  stews,  making  tough  meat  more  digestible. 
May  be  of  value  as  a  stock  for  plums  in  semiarid  regions  where  high  summer 
temperatures  and  medium-cold  winters  prevail."     (Meyer.) 

29225.  Elaeagnus  angustifolia  L.  Oleaster. 

From  Andijan,  Russian  Turkestan.  "(No.  1425a,  October  4,  1910.)  Djigda. 
A  large-fruited  variety  sold  on  the  market  in  Andijan  and  eaten  as  sweetmeats. 
Of  value  as  an  ornamental  small  tree  and  as  a  windbreak  in  alkaline  sections 
in  the  mild-wintered  semiarid  parts  of  the  United  States."     (Meyer.) 

29226.  Prunus  domestica  L.  Plum. 

From  Kashgar,  Chinese  Turkestan.  "(No.  1426a,  October  27,  1910.)  A 
blue  plum  much  grown  around  Kashgar.  Sold  fresh  and  dried.  Makes  a  fair 
preserve.  Apparently  the  ordinary  European  prune.  To  be  sown  for  identi- 
fication purposes."     (Meyer.) 

29227.  Amygdalus  persica  nectarina  Ait.  Nectarine. 

From  Samarkand,  Russian  Turkestan.  "(No.  1427a,  July  27,  1910.)  A 
yellow  clingstone  nectarine  of  medium  size;  meat  very  firm  and  of  medium- 
sweet  taste,  not  melting.     A  rare  variety."     (Meyer.) 

29228.  Amygdalus  sp.  Peach. 
From  Tashkend,  Russian  Turkestan.     "(No.  1428a,  September  10,   1910.) 

A  large  flat  peach  having  white  meat,  very  juicy  and  sweet."     (Meyer.) 

29229.  Rises  sp.  Red  currant. 
From  near  Guldscha,  Russian  Turkestan.     "(No.  1429a,  October  10,  1910.) 

Found  growing  on  a  dry  mountain  side  at  an  elevation  of  about  6,000  feet  above 
sea  level.  For  further  remarks  see  No.  791  (S.  P.  I.  No.  29141),  under  which 
cuttings  w^sre  sent."     (Meyer.) 

29230.  Ribes  nigrum  L.  Black  currant. 
From  near  Terek-Dawan,   Russian  Turkestan.     "(No.   1430a,   October  13, 

1910.)  Found  growing  in  a  cold  stony  canyon  at  an  elevation  of  over  9,000  feet 
above  sea  level.  For  further  remarks  see  No.  792  (S.  P.  I.  No.  29142),  under 
which  cuttings  were  sent."     (Meyer.) 

29231.  CucuMis  MELO  L.  Muskmelon. 
From  Samarkand,  Russian  Turkestan.     "(No.  1431a,  July  22,  1910.)     A  tine 

muskmelon  of  round  shape;  rind  drab-green;  flesh  yellowish  colored,  of  very 
sweet  and  aromatic  taste.  To  be  tested  under  urigation  in  the  dry  and  hot 
sections  of  the  southwestern  United  States."     (Meyer.) 

29232.  CucuMis  melo  L.  Muskmelon. 
From  Samarkand,   Russian  Turkestan.     "(No.   1432a,   July  23,    1910.)    A 

muskmelon  of  round  shape;  medium  size;  rind  greenish  yellow;  flesh  of  deep- 
green  color  and  of  very  spicy  flavor.    To  be  tested  like  preceding  number." 
(Meyer.) 
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29233.  CucuMis  melo  L.  Muskmelon. 
From  Samarkand,  Russian  Turkeptan.     "(No.  1433a,  July  28,  1910.)     A  fine 

muskmelon  of  flat-round  shape;  rind  yellowish;  flesh  of  rosy-green  color;  very 
sweet  and  aromatic.     To  be  tested  like  No.  29231."     (Meyer.) 

29234.  CucUMis  melo  L.  Muskmelon. 
.      From  Tashkend,  Russian  Turkestan.     "(No.  1434a,  August  11,   1910.)     A 

melon  of  oval  shape;  rind  drab  green;  flesh  thick  and  green;  of  delicious  sweet 
taste  and  long-keeping  qualities.     To  be  tested  like  No.  29231."     (Meyer.) 

29235.  CucuMis  melo  L.  Muskmelon. 
From  near  Tashkend,  Russian  Turkestan.     "(No.  1435a,  September  20,  1910.) 

A  melon  of  oval  form;  greenish  rind;  salmon-red  flesh;  of  fresh,  sweet  taste; 
has  remarkably  few  seeds;  possesses  long-keeping  qualities.  Curiously  called 
'Amerikanski'  melon  and  believed  to  have  come  from  America.  To  be  tested 
like  No.  29231."     (Meyer.)       ' 

29236.  CucuMis  melo  L.  Muskmelon. 
From  Kostakos,  Russian  Turkestan.     "(No.  1436a,  September  24,  1910.)     A 

melon  of  oblong  shape;  rind  greenish;  flesh  white,  very  juicy,  sweet,  and  aro- 
matic.    To  be  tested  like  No.  29231."     (Meyer.) 

29237.  Cucumis  melo  L.  Muskmelon. 
From  Tashkend,   Russian  Turkestan.     "(No.  1437a,  August  14,   1910.)     A 

melon  of  round-oblong  shape;  rind  golden  yellow,  slightly  ribbed;  flesh  whitish 
and  of  remarkably  sweet  and  aromatic  flavor.  To  be  tested  like  No.  29231." 
(Meyer.) 

29238.  Cucumis  melo  L.  Muskmelon. 
From  Andijan,  Russian  Turkestan.     "(No.  143Sa,  October  4,  1910.)     A  small 

very  oblong-pointed  melon;  rind  greon;  flesh  of  rosy  color;  taste  fresh,  sweet. 
A  so-called  winter  melon;  can  be  kept  until  New  Year's  Day.  To  be  tested 
like  No.  29231."     (Meyer.) 

29239.  Cucumis  melo  L.  Muskmelon. 
From  Andijan,  Russian  Turkestan.     "(No.  1439a,  October  4,  1910.)     A  melon 

of  oval  shape;  rind  greenish  yellow,  netted;  flesh  white,  melting,  and  very 
Bweet.     Can  be  kept  for  several  weeks.     To  be  tested  like  No.  29231."    (Meyer.) 

29240.  Cucumis  melo  L.  Muskmelon. 
From  Andijan,  Russian  Turkestan.     "(No.  1440a,  October  4, 1910.)     A  melon 

of  oblong-pointed  form;  rind  drab  green;  flesh  v-hite  and  very  firm.  Can  be 
kept  for  several  months.  Probably  a  good  variety  from  which  to  make  pre- 
serves.    To  be  tested  like  No.  29231."     (Meyer.) 

29241.  Cucumis  melo  L.  Muskmelon. 
From  Osh,  Russian  Turkestan.     "(No.  1441a,  October  9,  1910.)    A  melon  of 

large  size  and  oval  shape;  rind  yellow  with  green  veins;  flesh  pale  yellow,  of  a 
fine,  fresh,  sweet,  and  aromatic  flavor.  To  be  tested  in  somewhat  cooler  regions 
than  No.  29231,  as  Osh  is  over  4,000  feet  altitude."     (Meyer.) 

29242.  Citrullus  vulgaris  Schrad.  Watermelon. 
From  Samarkand,   Russian  Turkestan.     "(No.   1442a,  July  27,   1910.)     A 

email  watermelon  ha\ing  light-green  rind,  while  the  flesh  is  salmon  red;  taste 
fresh,  sweet.     Has  small  seeds  and  is  an  eai-ly  ripener.    To  be  tested  like  No. 
29231."     (Meyer.) 
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29243.  C'lTRULLUS  vulgaris  Schrad.  Watermelon. 
From  Tashkend,   Russian  Turkestan.     "(No.   1443a,   AuruhI  2,    1910.)     A 

small  Avatcrnielon;  rind  light  green;  flesh  salmon  red,  sweet  and  very  juicy. 
To  be  tested  like  No.  29231."     {Meyer.) 

29244.  CiTRULLUS  vulgaris  Schrad.  Watermelon. 

From  Tashkend,  Russian  Turkestan.  "(No.  1444a,  August  24,  1910.)  A 
small-sized  watermelon;  rind  dark  green  with  light-green  patches;  flesh  pale 
red,  of  fresh,  sweet  taste.     To  be  tested  like  No.  29231."     {Meyer.) 

29245.  Acer  sp.  Maple. 
From  near  Kizil-Kurgan,  Russian  Turkestan.    "(No.  1445a,  October  11, 1910.) 

A  maple  of  small  size  found  on  dry  and  stony  mountain  sides  at  elevations  of 
5,000  feet  and  over.  Bears  small  leaves  which  vary  much  in  .shape,  being  found 
in  all  forms  between  trilobed  and  entire.  Of  value  as  a  small  ornamental  tree 
in  the  drier  sections  of  the  United  States."     {Meyer.) 

29246.  JuNiPERUS  FOETiDissiMA  Wllld.  Juniper. 

From  near  Guldscha,  Russian  Turkestan.  "(No.  1446a,  October  10,  1910.) 
Found  on  very  sterile  and  stony  mountain  sides  at  high  altitudes.  Generally 
of  very  gnarled  and  twisted  shapes.  Much  used  in  the  mountains  for  building 
piu-poses  and  for  fuel.  Native  name,  Artchalc.  To  be  tested  in  the  inter- 
mountain  sections  of  the  United  States."     {Meyer.) 

29247.  Berberis  sp.  Barberry. 

From  near  Kan-Shugan,  Chinese  Turkestan.     "(No.  1447a,  October  17,  1910. 
A  very  spiny  barberry  having  dentate,  somewhat  undulate  leaves  and  bearing 
racemes  of  coral-red  berries.     Found  on  sandy  and  sterile  level  places  at  eleva- 
tions of  about  8,000  feet  above  sea  level.     Of  value  as  an  ornamental  garden  and 
park  shrub  in  the  northern  sections  of  the  United  States."     {Meyer.) 

29248.  Berberis  sp.  '  Barberry. 

From  near  Guldscha,  Russian  Turkestan.  "(No.  1448a,  October  10,  1910.) 
A  tall-growing  barberry  found  on  dry,  sandy,  and  sterile  places;  bears  blue 
berries.     Of  value  like  the  preceding  number."     {Meyer.) 

29249.  COTONEASTER  sp. 

From  near  Guldscha,  Russian  Turkestan.  "(No.  1449a,  October  10,  1910.) 
Found  growing  on  dry  and  sterile  locations  at  altitudes  of  5,000  feet  above  sea 
level.     Of  value  like  preceding  numbers."     {Meyer.) 

29250.  NiTRARiA  scHOBERi  L.  Desert  currant. 
From  near  Ulukshat,  Chinese  Turkestan.     "(No.  1450a,  October  15,  1910.) 

A  spiny  shrub  found  on  alkaline  and  sandy  places  at  elevations  of  6,000  to  8,000 
feet  above  sea  level.  It  grows  from  3  to  7  feet  high  and  has  small  white  foliage 
and  erect  racemes  of  small  juicy  black-violet  berries.  These  are  edible  and  of 
sweet  saline  taste,  but  this  rather  high  alkaline  property  leaves  an  unpleasant 
aftertaste  in  one's  mouth,  while  one's  throat  also  feels  the  sharpness  of  the  salt. 
The  seeds  occupy  too  much  of  the  berry  and  the  fruits  have  no  value  to  the  white 
races  of  men.  This  desert  currant  possesses  great  sand-binding  qualities,  how- 
ever, and  deserves  to  be  tested  for  this  purpose  in  the  elevated  and  cool  arid 
and  semiarid  regions  of  the  United  States."     {Meyer.) 

Distribution. — Southeastern  Europe  and  central  Asia,  extending  from   the 
Caucasus  region   eastward   through   southern   Siberia,   northern   Persia,   and 
Mongolia  to  China. 
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29213  to  29270— Continued. 

29251.  Rosa  sp.  Rose. 
From  near  Osh,  Russian  Turkestan.     "(No.  1451a,  October  9, 1910.)     A  small, 

shrubby  wild  rose,  growing  in  stony  and  pebbly  banks  in  a  semiarid  region. 
Apparently  has  red  flowers.  Of  possible  value  as  a  garden  and  park  shrub  in 
the  northern  and  in  the  semiarid  sections  of  the  United  States."     (Meyer.) 

29252.  Rosa  sp.  Rose. 
From  near  Guldscha,  Russian  Turkestan.     "  (No.  1452a,  October  11,  1910.)     A 

wild  rose,  rather  spiny,  found  on  dry  stony  places.  Apparently  has  reddish 
flowers.     Of  value  possibly  like  the  preceding  number."     (Meyer.) 

29253.  Rosa  sp.  '  Rose. 
From  near  Guldscha,  Russian  Turkestan.     "  (No.  1453a,  October  10, 1910.)    A 

wild  rose  of  si^reading  habits,  found  on  dry  and  sandy  places.  Apparently 
has  yellow  flowers.     Possibly  of  value  like  the  preceding  numbers."     (Meyer.) 

29254.  Rosa  sp.  Rose. 
Fromnear  Langar,  Russian  Turkestan.    "(No.  1454a,  October9, 1910.)    A  wild 

rose,  apparently  bearing  white  flowers,  found  in  rather  sterile  places.  Is  armed 
with  an  abundance  of  white  spines.  Of  value  possibly  like  the  preceding 
numbers."     (Meyer.) 

29255.  Rosa  sp.  Rose. 
From  near  Terek-Dawan,  Russian  Turkestan.     "(No.  1455a,  October  13, 1910.) 

A  wild  rose  found  in  a  bleak,  rocky,  and  dry  canyon  at  an  elevation  of  over  9,000 
feet  above  sea  level.     Of  possible  value  like  the  preceding  numbers."     ( Meyer.) 

29256.  Rosa  sp.  Rose. 
Fromnear  Irkestan in  Chinese  Turkestan.     "(No.  1456a,  October  15, 1910.)    A 

wild  shrubby  rose  found  on  dry  stony  banks  along  a  watercourse.  Altitude 
about  9,000  feet.     Of  value  possibly  like  the  preceding  numbers."     (Meyer.) 

29257.  Rosa  sp.  Rose. 
From  near  Kok-su,  Russian  Turkestan.     "(No.  1457a,  October  14,  1910.)    A 

wild  rose  found  in  sterile  soil  along  a  mountain  stream  at  about  8,000  feet  alti- 
tude.    Of  value  possibly  like  the  preceding  numbers."     (Meyer.) 

29258.  Rosa  sp.  Rose. 
From  near  Kan-Shugan,  Chinese  Turkestan.     "(No.  1458a,  October  18,  1910.) 

A  shrubby  wild  rose  found  in  stony  places.  Has  very  large  white  spines.  Of 
possible  value  like  the  preceding  numbers."     (Meyer.) 

29259.  Crataegus  sp.  Hawthorn. 
From  near  Kan-Shugan,  Chinese  Turkestan.     "(No.  1459a,  October  17,  1910.) 

A  hawthorn  of  dense  growth.  For  further  remarks  see  No.  800  (S.  P.  I.  No. 
29150),  under  which  cuttings  were  sent."     (Meyer.) 

29260.  Medicago  sativa  L.  Alfalfa. 
From  near  Kizil-Kurgan,  Russian  Turkestan.     "(No.  1460a,  October  11,  1910.) 

An  alfalfa  found  in  dry  decom])osed  rock  banks  at  an  elevation  of  between 
5,000  and  7,000  feet  above  sea  level.  Apparently  the  genuine  wild  form  of 
the  cultivated  lucem."     (Meyer.) 

29261.  Knautia  sp. 

From  near  Guldscha,  Russian  Turke-stan.  "  (No.  1461a,  October  10, 1910.)  An 
ornamental  dipsaceous  perennial  plant,  growing  from  2  to  4  feet  high  and  bearing 
large  flower  heads  of  a  purplish-blue  color  on  stiff,  erect  stems.  Found  on  a 
dry,  fertile  hill  slope.  Of  value  apparently  as  a  garden  perennial  for  the  north- 
em  sections  of  the  United  States."  (Meyer.) 
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29262.  ViGNA  UNGUicuLATA  (L.)  Walp.  Cowpea. 
From  Khojend,  Russian  Turkestan.     "(No.  1462a,  September  28,  1910.)     A 

large  variety  of  cowpea  used  locally  as  a  food  for  man" and  beast.  Deserves 
to  be  tested  under  irrigation  in  the  hot  and  dry  sections  of  the  United  States." 
(Meyer.) 

29263.  Trifolium  fraoiferum  L.  Clover. 
From  near  Kok-su,  Russian  Turkestan.     "(No.  1463a,  October  14,  1910.)     A 

creeping  perennial  clover  found  along  a  watercourse  on  clayey  alkaline  soil  at 
an  altitude  of  9,000  feet.  Possibly  of  value  as  a  forage  and  lawn  plant  in  the 
cooler  and  intermountain  sections  of  the  United  States."     (Meyer.) 

29264.  Iris  sp.  Ing. 
From    near   Kan-Shugan,  Chinese   Turkestan.     "(No.    1464a,  October    18, 

1910.)  An  iris  growing  in  enormous  quantities  on  alkaline  plains  at  elevations 
of  6,000  feet  above  sea  level.  The  plants  are  a  conspicuous  feature  of  the 
landscape.  Said  to  produce  masses  of  light-blue  flowers  in  early  summer. 
Possibly  of  value  as  a  ground  cover  in  alkaline  sections  of  the  United  States." 
(Meyer.) 

29265.  Glaucium  sp. 

From  near  Ulukshat,  Chinese  Turkestan.  "(No.  1465a,  October  15,  1910.) 
Found  on  dry  stony  mountain  slopes  at  elevations  of  over  9,000  feet  above  sea 
level.  Of  possible  use  as  an  ornamental  garden  plant  in  the  colder  sections  of 
the  United  States. ' '     ( Meyer. ) 

29266.  Statice  sp. 

From  near  Kostakos,  Russian  Turkestan.  "(No.  1466a,  September  24, 1910.) 
A  remarkable  perennial  having  very  finely  divided  foliage  and  producing 
masses  of  flowers  of  a  beautiful  metallic-blue  color.  Found  in  alkaline  places 
in  the  desert.  Of  decided  value  as  a  cut  flower  and  as  an  ornamental  garden 
plant  in  alkaline  sections  of  the  United  States."     (Meyer.) 

29267.  ViGNA   8ESQUIPEDALIS  (L.)  W.  F.  Wight. 

From  Kashgar,  Chinese  Turkestan.  "  (No.  1467a,  October  23, 1910.)  A  very 
long  bean  used  by  the  local  population  as  a  green  vegetable.  Can  also  be  dried 
and  kept  for  winter  uses.  Able  to  withstand  considerable  alkali  in  the  soil. 
Of  value  as  a  garden  vegetable  under  irrigation  in  alkaline  sections  in  the  hot 
and  dry  parts  of  the  United  States."     (Meyer.) 

29268.  CucuMis  sativus  L.  Cucumber. 
From  Kashgar,  Chinese  Turkestan.  "(No.  1468a,  October  29,  1910.)  A  Chi- 
nese variety  of  cucumber,  called  Evxing  kua,  of  medium  size;  green  color;  good 
for  pickling  purposes.  Able  to  withstand  considerable  alkali  and  may  be 
tested  like  the  preceding  number."     (Meyer.) 

29269.  Brassica  pekinensis  (Lour.)  Skeels.  Cabbage. 
From  Kashgar,  Chinese  Turkestan.  "(No,  1469a,  October  23,  1910.)  A  Chi- 
nese variety  of  autumn  cabbage  called  Ghai  pai  tsai.  Looking  somewhat  like 
Swiss  chard.  Leaves  of  dark  green,  having  a  very  broad,  white  midrib.  The 
plants  do  not  make  any  head.  They  are  able  to  withstand  considerable  alkali 
and  deserve  to  be  tested  like  preceding  numbers."     (Meyer.) 

29270.  Brassica  pekinensis  (Lour.)  Skeels.  Cabbage. 
From  Kashgar,  Chruese  Turkestan.     " (No.  1470a,  October  23, 1910.)    A  large 

variety  of  Chinese  winter  cabbage  called  Tung  pai  tsai.     Of  fine  quality  but 
requires  a  long  season.     Able  to  grow  in  quite  alkaline  soil  and  deserves  to  be 
tested  like  preceding  numbers."    (Meyer.) 
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29271  to  29310. 

The  following  list  represents  some  promising  varieties  of  cowpeas  grown  at  the 
Arlington  Experimental  Farm  in  1910.     Numbered  in  December,  1910. 

Notes  on  the  foUomng  by  Prof.  C.  V.  Piper: 

29271  to  29275.     Vigna  catjang  (Burm.)  Walp.  Catjang. 

29271.  Originally  found  growing  in  No.  21569A  at  the  Arlington  Experi- 
mental Farm.  A  buff-seeded  catjang  of  very  peculiar  habit  and  possi- 
bly a  distinct  species. 

29272.  Found  mixed  with  guar,  No.  18P48,  from  Surat,  India,  and 
grown  under  temporary  No.  0336.  A  catjang  with  brown-eyed  yellow- 
ish seeds.     A  peculiar  variety,  but  not  of  much  agricultural  value. 

29273.  Found  mixed  with  adzuki  bean.  No.  17321,  from  Hankow, 
China,  and  grown  under  temporary  No.  0927.  A  distinct  variety  of 
catjang,  with  pale-buff  seeds  marbled  with  dark  brown.  A  prolific 
but  not  a  tall  variety. 

29274.  A  single  plant  found  at  Arlington,  Va.,  in  1909,  in  No.  21603 
and  growTi  under  temporary  No.  01446.     A  catjang  with  marbled  seeds. 

29275.  Found  growing  in  adzuki  bean.  No.  17321,  from  Hankow, 
China,  and  grown  .under  temporary  No.  0931.  Seeds  pink  buff.  A 
prolific  catjang  of  good  habit. 

29276  to  29302.     Vigna  unguiculata  (L.)  Walp.  Cowpea. 

29276.  From  the  Public  Gardens,  Jamaica.  Grown  under  temporary 
No.  0145.  A  cowpea  with  black-eyed  white  seeds;  prolific  and  of 
good  habit. 

29277.  From  Nairobi,  British  East  Africa.  Grown  under  temporary 
No.  0509.  A  peculiar  variety  of  cowpea  with  small  pods  which  tend 
to  spread  out  horizontally.  The  seeds  are  buff,  mostly  clouded  with 
purple.    A  prolific  variety,  but  does  not  grow  very  large. 

29278.  From  the  Botanic  Gardens,  Tokyo,  Japan;  received  under  the 
name  Vigna  sinensis  var.  bicontorta.  Grown  under  temporary  No. 
0511.     A  cmious  cowpea  with  curved  or  coiled  pods  and  buff-colored 

seeds. 

29279.  From  the  Missouri  Botanical  Garden,  St.  Louis.  Grown  under 
temporary  No.  0531.     A  cowpea  with  small  buff  seeds;  quite  prolific. 

29280.  From  Livorno,  Italy.  Grown  under  temporary  No.  0536A. 
An    early  cowpea  with  black-and-white  seeds,  similar  to  Holstein, 

No.  17327. 

29281.  From  the  same  soiu-ce  as  the  })receding  (No.  29280).  Grown 
under  temporary  No.  0536B.     Seeds  white,  splotched  with  red. 

29282.  From  the  same  source  as  No.  29280.  Originally  grown  from  a 
single  seed  under  temporary  No.  0536J.  The  earliest  cowpea  yet 
grown  at  the  Arlington  Experimental  Farm,  maturing  at  least  10  days 
in  advance  of  any  other  variety.  The  seeds  are  buff  or  pinkish  buff. 
The  variety  is  very  prolific  and  will  probably  be  of  value  for  growing 
northward. 

29283.  From  the  same  soiu-ce  as  No.  29280.  Grown  under  temporary 
No.  0536K.  A  prolific  early  variety,  with  buff-pink  seeds,  but  too 
small  to  be  of  great  value. 
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29271  to  29310— Continued, 

29276  to  29302.     Vigna  unguiculata— Continued. 

29284.  From  J.  W.  Trinkle,  Madison,  Ind.  Grown  under  temporary 
No.  0554H.  This  variety  is  very  similar  to  Brown  Coffee,  No.  17404, 
but  has  much  broader  pods  and  is  earlier.  It  is  a  derivative  of  a  hybrid 
between  Black  and  Taylor. 

29285.  From  the  same  source  as  the  preceding.  Grown  under  tem- 
porary No.  0562.  This  is  a  prolific  variety  with  very  small,  globose 
black  seeds.  It  apparently  originated  as  a  natural  hybrid  between 
Lady  and  Black. 

29286.  Red  Yellow-Hull.  From  the  Arkansas  Agricultural  Experiment 
Station,  1903.  Grown  under  temporary  No.  0590.  A  prolific,  vigorous 
variety.  It  is  probably  the  best  cowpea  with  maroon-colored  seeds 
grown  at  Arlington  Experimental  Farm. 

29287.  Self-Seedirig  Clay.  From  the  same  source  as  the  preceding. 
Grown  from  temporary  No.  0593.  A  variety  with  buff  seeds;  of  rather 
low  habit. 

29288.  Mountain  Crowder.  From  the  same  source  as  No.  29286. 
Grown  under  temporary  No.  0594.  This  has  buff -colored  seeds  and  is 
very  similar  to  Michigan  Favorite,  maturing  in  the  same  time. 

29289.  From  Mr.  W.  S.  O'Bier,  Seaford,  Del.  Grown  under  tempo- 
rary No.  0598.  A  maroon-colored  cowpea  of  good  habit  and  medium 
early. 

29290.  Red  Sport.  From  the  same  source  as  No.  29286.  Grown  under 
temporary  No.  0604.    A  very  distinct  variety  with  reddish  seeds. 

29291.  Cotton  Patch.  From  Mr.  J.  R.  Register,  Lamar,  S.  C.  Grown 
under  temporary  No.  0814.  This  variety  has  pinkish-buff  seeds  and 
is  very  similar  to  Clay,  No.  17340.  It  is,  however,  very  prolific  and 
quite  early. 

29292.  From  the  Amzi  Godden  Seed  Co.,  Birmingham,  Ala.  Grown 
for  several  years  under  temporary  No.  0897.  This  is  an  excellent 
cowpea  with  black  seeds. 

29293.  From  the  Arkansas  Agricultural  Experiment  Station,  through 
Prof.  C.  L.  Newman.  Grown  under  temporary  No.  0905.  This  has 
white  seeds  with  the  New  Era  color  about  the  eye.  It  is  prolific  and 
of  fairly  good  habit. 

29294.  From  Mr.  P.  L.  Sigman,  Alexis,  N.  C.  Grown  under  tem- 
porary No.  0978.  A  very  distinct  cowpea  with  white  seeds  blotched 
with  red. 

29295.  From  Mr.  A.  D.  McLeon,  Red  Springs,  N.  C.  Grown  under 
temporary  No.  01014.  This  is  undoubtedly  a  hybrid  between  Whip- 
poorwill  and  Taylor,  having  the  combined  markings  of  both.  The 
variety  is  very  similar  to  Taylor  in  all  respects  except  seed. 

29296.  From  Mr.  J.  W.  Markham,  Guin,  Ala.  Grown  under  temporary 
No.  01017.  This  is  a  variety  with  seeds  practically  indistinguishable 
from  New  Era,  but  quite  different  in  habit. 

29297.  From  Mr.  J.  L.  Forelines,  Millard,  Ark.  Grown  under  tem- 
porary No.  01361.  A  variety  with  red-and-white  blotched  seed,  of 
medium  value. 
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29271  to  29310— Continued. 

29276  to  29302.     Viqna  unguiculata — Continued. 

29298.  FromMr.  J.  D.  McLouth,  Muskegon,  Mich.  Grown  under  tem- 
porary No.  01363.  A  moderately  early  bushy  variety  with  red-and- 
white  blotched  seeds. 

29299.  White  Giant.  From  the  Kansas  Agricultural  Experiment  Sta- 
tion (Kansas  No.  121).  Grown  under  temporary  No.  01375.  A  black- 
eyed  cowpea  very  similar  to  No.  22050. 

29300.  From  T.  W.  Wood  &  Sons,  Richmond,  Va.,  received  under 
the  name  Rice.  Grown  under  temporary  No.  01380.  This  is  a  white- 
seeded  cowpea  very  distinct  from  any  other  variety  grown. 

29301.  Miller.  From  the  N.  L.Willet  Seed  Co.,  Augusta,  Ga.  Grown 
under  temporary  No.  01400.  The  seed  of  the  Miller  cowpea  occurring 
on  the  market  is  a  mixture  of  several  varieties.  This  cowpea  has  buff 
seeds.     It  is  very  much  like  No.  17340  and  not  superior. 

29302.  From  the  same  source  as  the  preceding.  Grown  under  tem- 
porary No.  01402.  It  is  very  vigorous  and  different  from  any  other 
grown. 

29303.  ViGNA  SESQUIPEDALIS  (L.)  W.  F.  Wight. 

From  Tehwa,  China.  Grown  under  temporarj'  No.  01421.  A  very  distinct 
cowpea  with  kidney-shaped  seeds,  pink  excepting  one  end,  which  is  white. 

29304.  YiGNA  UNGUICULATA  (L.)  Walp.  Cowpea. 
From  a  single  plant  found  at  the  Arlington  Experimental  Farm  in  1909  and 

grown  under  temporary  No.  01508.  Seeds  white,  with  the  Whippoorivill  color 
around  the  eye.  In  all  probability  this  is  a  hybrid  between  Whippoorvnll  and 
Blackeye.     It  is  a  variety  of  moderate  value. 

29305.  ViGNA  CATjANG  (Burm.)  Walp. 

From  the  Botanical  Gardens,  Madrid,  Spain,  received  as  Dolichos  tranqve- 
baricus.  Grown  three  years  under  temporary  No.  0409.  Seeds  cream  buff. 
An  interesting  variety  which  makes  but  a  small  growth. 

29306  to  29310.     Vigna  unguiculata  (L.)  Walp.  Cowpea. 

29306.  From  Mississippi,  1910.  A  buff-colored  cowpea  very  similar 
to  Unknown,  but  with  very  fiat  pale  seeds.  Grown  under  temporary 
No.  01331. 

29307.  From  Mr.  C.  E.  Fant,  Chester,  S.  C,  1909.  Grown  under  tem- 
porary No.  01281.  A  variety  with  maroon  kidney-shaped  seeds.  It 
is  much  later  than  Red  Ripper,  bearing  the  same  relation  to  it  that 
Unknown  does  to  Clay. 

29308.  From  Mr.  G.  W.  Duren,  Booneville,  Ark.  Grown  under  tem- 
porary No.  01023.  A  white-seeded  table  cowpea  having  the  same 
habits  as  Clay,  No.  17359,  but  producing  very  large  kidney-shaped 
white  seeds. 

29309.  TrinkWs  Holstein.  A  variety  that  originated  with  Mr.  J.  W. 
Trinkle,  Madison,  Ind.  Grown  for  two  years  under  temporary 
No.  0917.     It  is  considerably  superior  to  ordinary  Holstein,  No.  17327. 

293 1 0.  From  a  single  plant  found  at  the  Arlington  Experimental  Farm, 
1909,  and  grown  under  temporary  No.  01507.  A  cowpea  with  seeds 
like  New  Era,  and  like  that  variety  growing  erect,  but  producing 
slender  viny  branches  having  small  leaflets. 
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29311  to  29314.     Cuayota  edulis  Jacq.  Chayote. 

From  San  Salvador,  Central  America.     Presented  by  Mr.  Francisco  G.  du  Oachon, 
Director  General  of  Agriculture.     Received  December  21  and  27,  1910. 
Seeds  of  the  following: 

29311.  Small,  white. 

29312.  Small,  light  green. 

29313.  Medium  to  large,  smooth,  light  green. 

29314.  Medium  to  large,  more  or  less  spiny,  dark  green. 

29315.  NicoTiANA  TABACUM  L.  Tobacco. 

From  the  Compostela  region.  Territory  of  Tepic,   Mexico.     Presented  by  Mr. 
Alfred  Lonergan,  Ixtlan  del  Rio,  Tepic,  Mexico.     Received  December  28,  1910. 

"This  is  generally  conceded  to  be  the  best  tobacco  grown  on  this  western  coast  of 
the  Pacific  slope  in  Mexico."     (Lonergan.) 

29316.  Anona  cherimola  Miller.  Cherimoya. 

From  Oaxaca,  Mexico.     Presented  by  Prof.  Felix  Foex.     Received  December  27, 

1910. 

"These  seeds  came  from  a  very  interesting  fruit  of  good  size,  good  shape,  pretty 

appearance,  second  quality,  and  having  large  seeds;  the  skin  is  as  thick  as  the  shell  of 

a  coconut,  but  not  so  hard.     It  resists  well  a  pretty  hard  shock  and  pressure  and  would 

be  very  good  for  shipping."     (Foex.) 

29317.  Zea  mays  L.  Corn. 

From  Quito,  Ecuador.     Presented  by  Mr.  C.  de  San  Juan,  Barcelona,  Spain,  who 
procured  them  from  Mr.  Carlos  Tobar,  of  Quito.     Received  December  28,  1910. 

"Seed  of  a  cui-ious  corn  that  in  Ecuador  gives  great  results.  I  gave  some  to  my 
friends  and  everywhere  it  grew  extraordinarily,  from  3  to  4  meters  high,  but  did  not 
produce  seed,  I  suppose  for  want  of  temperature.  The  stalks  were  so  high  and  tlii<k 
that  they  looked  like  bamboos."     (Smi  Juan.) 

29318.  Belou  marmelos  (L.)  W.  F.  Wight.  Bad. 

From  Philippine  Islands.     Presented  by  Mr.  William  S.  Lyon,  Manila.     Re('oi%  cd 
December  29,  1910. 
"Some  of  these  fruits  were  from  a  tree  producing  fruits  nearly  spherical.     Thi.s, 
however,  I  judge  to  be  merely  a  variation  from  the  type."     (Lyon.) 

29319.  Passiflora  sp.  Passion  flower. 

From  Buitenzorg,  Java.     Presented  by  the  director,  Department  of  Agriculture. 
Received  December  29,  1910. 

Variety  Perbawati. 

29320.  Furcraea  sp. 

From  Nice,  France.     Presented  by  Dr.  A.  Robertson-Proschowsky.     Received 
November  2,  1910. 

"The  plant  from  which  these  bulbs  were  obtained  has  formed  no  trunk  and  is  e\d- 
dently  dying  off  after  having  produced  its  offspring.  Leaves  are,  when  mature,  about 
2  meters  long  by  15  to  20  centimeters  broad.  I  do  not  know  whether  it  is  a  species  of 
industrial  value.  Here  in  my  garden  the  leaves  have  proved  very  durable  and  strong 
for  tying,  for  making  mats  to  cover  delicate  plants,  etc.,  just  like  the  leaves  of  Cordy- 
line  (austrnlis  Hook.?)  (indicisa  Hort.)"  (Proschoicsky.) 
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29321.  NicoTiANA  TABAcuM  L.  Tobacco. 

From  the  Vuelta  Abaj5  district  immediately  west  of  Pinar  del  Rio,  Cuba. 
Presented  by  Mr.  K.  E.  Reineman,  Academia  Raja  Yoga,  Pinar  del  Rio,  at  the 
request  of  Mr.  H.  S.  Turner,  Santiago  de  Cuba.     Received  December  31, 1910- 

29322.  Medicago  sativa  L.  Alfalfa. 

From  Quetta,  British  India.  Presented  by  Mr.  F.  Booth  Tucker,  Salvation 
Army,  Simla,  India,  who  procured  it  from  the  Military  Farm  Department  at 
Quetta.     Received  December  31,  1910. 

29326  and  29327.     Colocasia  spp. 

From  Canton,  China.     Presented  by  Mr.  G.  W.  Groff,  Canton  Christian  College. 
Received  December  20,  1910. 
Tubers  of  the  following: 

29326.     ''Kaotsaofu:*  29327.     ''Pat  long Ju.'' 
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Alfalfa  (British  India),  29322. 
(China),  28908. 
(India),  29140. 
Malthe's,  28919. 
(Russian  Turkestan),  29260. 
See  also  Medicago  spp. 
Acada  sp.,  28985. 

giraffae,  29046. 
Acer  sp.,  29245. 
Actinidia  chinensis,  29017. 
Agave  sp.,  28931,  29164. 
fourcroydes,  28930. 
Alhizzia  sp.,  29190. 
Alhagi  maurorum,  29015. 
Almond   (Russian   Turkestan),   29213   to 
29218. 
buckthorn  (Russian  Turkestan), 
28942  to  28944. 
Amygdaliis  sp.,  29228. 

communis,  29213  to  29218. 
persica  nectarina,  28963,  29227. 
Ananas  sativus,  29211. 
Andropogon  sorghum,  28995,  28996,  29166. 
Anona  cherimola,  29316. 

reticulata,  29087,  29162. 
Apricot  (Canary  Islands),  28883. 

(Russian    Turkestan),    28953    to 
28962,  29220  to  29223. 
Arachis  hypogaea,  28929. 
Argania  spinosa,  29042. 
Asparagus  hlampiedii,  29117. 

crispus,  28923,  29118. 
comorensis,  29119. 
officinalis,  28924. 
scandens  deflexus,  29120. 
sprengeri,  28925. 
verticillatus,  29121. 
Avocado  (British  West  Indies),  29161. 
Hardie,  29137. 

Bael.     See  Belou  marmelos. 
Bamboo  (India),  29169. 
Bambos  sp.,  29169. 
Banana  (Surinam),  29054  to  29077. 
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Barberry,  28903. 

(Chinese  Turkestan),  29247. 
(Russian     Turkestan),     28980, 
29248. 
Barley  (Palestine),  28885. 

(Russian       Turkestan),       29003, 
29004. 
Bean,  Mauritius  or  Bengal.    See  Stizolo- 

hium  aterrimum. 
Belou  marmelos,  29318. 
Berberis  spp.,  28980,  29247,  29248. 

(vulgaris  X  thunbergii)  X  steno- 
phylla,  28903. 
Boehmeria  nivea,  29089. 
Brassica  pekinensis,  29269,  29270. 
Buckthorn  almond.      See    Prunus   lyci- 
oides. 

Cabbage     (Chinese    Turkestan),     29269, 

29270. 
Cabuya,  28932. 
Calligonum  aphyllum,  28975. 

caput-medusae,  28974. 
Caper.     See  Capparis  spinosa. 
Capparis  spinosa,  28972. 
Capucin.     See  Norihea  seychellana. 
Carex  physodes,  28977. 
Carica  papaya,  28887,  29179. 
Carrierea  calycina,  29094. 
Cassia  sp.,  29185. 

fistula,  29182. 
mimosoides,  29031. 
Castanea  crenata,  29132. 
Casuarina  equisetifolia,  29178. 
Catjang.     See  Vigna  catjang. 
Chaetochloa  italica,  29000,  29001. 
Chayota  edulis,  29206  to  29208,  29311  to 

29314. 
Chayote  (Jamaica),  29206  to  29208. 

(San  Salvador),  29311  to  29314. 
Cherimoya  (Mexico),  29316. 
Cherry  (China),  29018. 

(Russian  Turkestan),  28946, 28947. 
bush  (Russian  Tiu-kestan),  28945. 
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Chestnut,  Aomori,  29132. 
Chick-pea  (Abyssinia),  29078,  29079. 

(Turkey),  28935. 
Chilean  bellflower.     See  Laj>ageria  rosea. 
Cicer  anetinum,  28935,  29078,  29079. 
Citrange,  Colman,  29154,  29158. 

Etonia  or  flowering,  29160. 
Morton,  29155. 
Rusk,  29156,  29157. 
Citrullus  vulgaris,  28969  to  28971,  29242  to 

29244. 
Citrus  spp.,  29044,  29165. 

decumana,  29088,  29101. 

X  nobilis,  29159. 
limetta,  29110,  29123,  29124. 
Citrus  trifoliata   X   aurantium,   29154  to 

29158,  29160. 
Clitoria  ternatea,  29176. 
Clover.     See  Trifolium  spp. 

bur.     See  Medicago  rigidula  moris- 
iana. 
Coffea  arabica,  28895  to  28898. 

macrocarpa,  29043. 
Coffee  (Mauritius),  29043. 

(Reunion  Island),  28895  to  28898. 
Colocasia,  "Kao  tsao  fu,"  29326. 
"Pat  long  fu,"  29327. 
Colocasia  spp.,  29326,  29327. 
Colutea  spp.,  28983,  28984. 
Cordeauxia  edulis,  29122. 
Com  (Ecuador),  29317. 

(Mexico),  29167. 
Cotoneaster  sp.,  29249. 
Cotton  (Turkey),  29028  to  29030. 
Cowpea  (Arlington  Experimental  Farm), 
29271  to  29310. 
(Brazil),  28888  to  28893,  29014. 
Clay,  Self-Seeding,  29287. 
Cotton  Patch,  29291. 
Miller,  29301. 
Mountain  Crowder,  29288. 
(Philippine  Islands),  29193. 
Red  Sport,  29290. 
Red  Yellow-Hull,  29286. 
Rice,  29300. 
(Russian      Turkestan),       28994, 

29262. 
Trinkle's  Holstein,  29309. 
White  Giant,  29299. 
Crataegus  spp.,  29150,  29259. 
pinnatijida,  29103. 
Cucumber  (Chinese  Turkestan),  29268. 
(Russian  Turkestan),  28960. 
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Cucumis  melo,  28964,  28965,  28967,  28968, 
29198,  29231  to  29241. 
sativus,  28966,  29268. 
Cucurbita  pepo,  29209. 
Cupressu^  thurifera,  29174. 
Currant,     black     (Russian     Turkestan), 
29142,  29230. 
desert.     See  Nitraria  schoberi. 
red  (Russian  Turkestan), 29141, 
29229. 
Custard-api)le.     See  Anona  reticulata. 
Cypress.     See  Cupressus  thurifera. 

Datura  strainoniuvi,  28989. 
Didymosperma  sp.,  29180. 
Diospyros   spp.,  28926   to  28928,   29033, 
29116,  29171. 

affinis,  29111. 

attenuata,  29112. 

discolor,  28900. 

insignis,  29113. 

kahi,  29102,  29195. 

moonii,  29114. 

peregrina,  29032. 
Durra.     See  Andropogon  sorghum. 

Echinochloa  frumentacea,  29002. 
Elaeagnus  angusti/olia,  29225. 
Elaeodendron  orientale,  29020. 
Erythrina  indica,  29187. 
Euphorbia  canariensis,  29151. 

Flax  (New  Zealand),  29034  to  29041. 
Furcraea  spp.,  28932,  29320. 

Glaucium  spp.,  28988,  29265. 
Gonocitrus  angulatus,  28933. 
Gossypium  herbaceum,  29028,  29030. 

hirsutum,  29029. 
Grape  (China),  29019. 
Guava  (Brazil),  28909  to  28911. 

Haloxylon  ammodendron,  28976. 
Hawthorn  (China),  29103. 

(Chinese    Turkestan),     29150. 
29259. 
Henequen.     See  Agave  fourcroydes. 
Hibiscus  sabdariffa,  29210. 
Honeysuckle  (Chinese  Turkestan),  29146. 
(Russian  Turkestan),  28981, 
28982. 
Hordeum  spontaneum,  28SS5. 

vulgare,  29003,  29004. 

flex  paraguariensis,  29097,  29134. 
Inga  edulis,  29013, 
Intsia  sp.,  29181. 
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Ipomoea  tuberculata,  28913. 
Irissp.,  29264. 

albopurpurea,  28905. 

(Chinese  Turkestan),  29264. 

tenax,  29022,  29023. 
Irvingia  gabonensis,  28912,  29025. 

Jamestown  weed.     See    Datura    stramo- 
nium. 
Juniper  (Russian  Turkestan),  29246. 
Ju7iiperus  foetidissima,  29246. 

Knautia  sp.,  29261. 
Kowliang.     See  Sorghum. 

Lapageria  rosea,  28914. 
Lathyrus  sativus,  28936. 
Lens  esculenta,  28937. 
Lime,  Potter  seedless,  29124. 

Sylhet,  29110. 

spineless,  29123. 
Limonia  acidissima,  29170. 
Lonicera  spp.,  28981,  28982,  29146. 

Muba  oblongi/olia,  29115. 
Maple  (Russian  Turkestan),  29245. 
Medicagofalcata,     28918,     28938,     28940, 
28941,  29139. 
hispida  apiculata,  29138. 
minima,  28986. 
rigidula  morisiana,  29051. 
saliva,  28908, 28919, 29140,  29260, 
29322. 
vqria,  28920. 
Medlar.     See  Mespilus  germanica. 
Melilotus  sulcata,  28921. 
Melinis  minutiflora,  29100. 
Mespilus  germanica,  29197. 
Meyer,   Frank  N.,  seeds  and  plants  se- 
cured,   28942   to   29012,    29051,    29052, 
29141  to  29150,  29213  to  29270. 
Mezoneuron  glabrum,  29184. 
Millet    (Russian    Turkestan),    29000    to 
29002. 
proso  (Russian  Turkestan),   28997 
to  28999. 
M'usa  spp.,  29054  to  29077. 
Muskmelon  (Argentina),  29198. 

(Russian  Turkestan),   28964, 
28965,  28967,  28968,  29231 
to  29241. 
''Mvut,"  29045. 

Nectarine.     See  Amygdalu^  persica  necta- 

rina. 
Nicotiana  tabacum,  29091  to  29093,  29125 
to  29128,  29163,  29315,  29321. 
trigonophylla,  29172. 
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Nitraria  schoberi,  29250. 
Northea  seychellana,  29152. 

Oba.     See  Irvingia  gabonensis. 
Olca  verrucosa,  29047. 
Oleaster  (Russian  Turkestan),  29225. 
Orange  (Brazil),  29165. 

green,  29044. 

"Laranja  da  terra,"  29165. 

(Southern  Nigeria),  29044. 
Oroxylon  indicum,  29183. 
Oryza  saliva,  29199,  29200. 
Oslerdamia  malrella,  29016. 

Panicum  miliaceum,  28997  to  28999. 
Papaver  somniferum,  28990,  28991 . 
Papaya  (Philippine  Islands),  28887,  29179. 
Passijlora  sp.,  29319. 

ligularis,  29027,  29048,  29090. 
Passion  flower,  Perbawati,  29319. 

See  also  Passijlora  ligularis. 
Pea,  field  (Abyssinia),  29080,  29081. 

(Denmark),  29082  to  29084. 
Peach,  flat  (Russian  Turkestan),  29228. 
Nectarine    (Russian    Turkestan), 
28963,  29227. 
Peanut  (China),  28929. 
Pear  (Manchuria),  29050. 
Pepino.     See  Solanum  muricatum. 
Persea  americana,  29137,  29161. 
Persimmon  (China),  29102,  29116. 
(India),  29032,  29033. 
(Mexico),  29171. 
(Philippine   Islands),    28900, 
29195. 
Phaseolus  radialus,  28992,  28993. 
Phormium  lenax,  29034  to  29041. 
Phytolacca  acinosa,  29133. 
Pine.     See  Pinus  spp. 
Pineapple  (Java),  29211. 
Pimis  laricio  pallasiana,  29052. 

montezumae,  29175. 
Pistache  (Russian  Tiu-kestan),  29219. 
Pistacia  vera,  29219. 
Pisum  arvense,  29080,  29082  to  29084. 

sativum,  29081. 
Pithecolobium  acle,  29191. 
Pittosporum  ralphii,  28901. 

tenuifolium,  28902. 
Plum  (Canary  Islands),  28884. 

(Russian  Turkestan),  28948  to  28951. 
29224,  29226. 
Pomelo  (China),  29101. 
(India),  29088. 
Poplar  (Chinese  Turkestan),  29098,  2914S 
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Poppy  (Russian  Turkestan),  28990,  28991 . 
Populus  sp.,  29148. 

tremula,  29098. 
Potato  (Arizona),  28915  to  28917. 

(Peru),  29049. 
Prunus  spp.,  28884,  28942,  28947,  28952, 
29018. 
m-meniaca,  28883,  28953  to  28962, 

29220  to  29223. 
cerasi/era  divaricata,  28948  to  28951, 

29224. 
doinestica,  29226. 
lydoides,  28943,  28944. 
microcarpa,  28946. 
prostrata,  28945. 
Psidium  arafa,  28911. 

guajava,  28909,  28910. 
Pumpkin.     See  Cucurbita  pepo. 
Pyrus  sp.,  29050. 

Quamasia  leichtlinii  X  cusickii,  28904. 

Rajania  pleioneura,  28894,  29129. 
Ramie.     See  Bochmeria  nivea. 
Reaumuria  sp.,  29147. 
Rihes  spp.,  29141,  29229. 

nigrum,  29142,  29230. 
Rice  (Argentina),  29199,  29200. 

wild.     See  Zizania  latifolia. 
i^osa  spp.,  29251  to  29258. 

gigantea  X  (?),  29096. 

xanthina,  28978,  28979. 
Rose  (Chinese  Turkestan),  29256,    29258. 

Etoile  du  Portugal,  29096. 

(Russian  Turkestan),  28978,'  28979, 
29251  to  29255,  29257. 
Roselle  (Porto  Rico),  29210. 

Saccharum  officinarum,   29106    to    29109, 
29130,  29131. 
spontaneum,  28907. 
Salix  spp.,  29143,  29144,  29145. 
Sand  lucern,  28920. 
Salsola  arbuscula,  28973. 
Saxaul.     See  Haloxylon  ammodendron. 
Sedge  (Russian  Turkestan),  28977. 
Solanum  spp.,  28915  to  28917,  29049. 

muricatum,  28899. 
Sorghum,     Durra     (Russian  Turkestan), 
28995,  28996. 
Kowliang,  white,  29166. 
Spondiaa  sp.,  28886. 
Stadmannia  oppositifolia,  29153. 
Statice  sp.,  29266, 
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Stkolobium  aterrimum,  28906,  29099. 
Sugar  cane  (Cuba),  29130,  29131. 

(Japan),  29106  to  29109. 

Tamarisk.     See  Tamarix  sp. 
Tamarixsp.,  29149. 
Tangelo,  Sampson,  29159. 
Tetracentron  sinense,  29095. 
Tobacco  (Cuba),  29091  to  29093,  29125  to 
29128,  29321. 

(Mexico),  29163,  29172,  29315. 
Toona  calantas,  29194. 
Trifolium  sp.,  29012. 

fragiferum,  29263. 
Trigonellas^.,  28987. 

caerulea,  28922. 
Triticum  spp.,  29006, 29007,  29009  to 29011 

aestivum,  29008. 

dicoccum  dicoccoides,  29026. 

durum,  29005,  29201,  29203. 

turgidum,  29202. 

Undetermined  seeds  and  plants,  29045, 
29104,  29105,  29177,  29186,  29189,  29192, 
29196. 

Vangueria  madagascariensis,  29021. 
Vetch,  common.  See  Vicia  sativa. 
Vicia  ervilia,  28939. 

saliva,  29085,  29086. 
Vigna  catjang,  29271  to  29275,  29305. 
sesquipedalis,  29267,  29303. 
unguiculala,  28888  to  28893,  28994, 
29014,    29193,    29262,    29270    to 
29302,  29304,  29306  to  29310. 
Vitis  sp.,  29019. 

Wallichia  tremula,  29188. 

Watermelon  (Russian  Turkestan),  28969 

to  28971,  29242  to  29244. 
"Waw-waw."     See  Rajania  pleioneura. 
Wheat  (Argentina),  29201  to  29203. 

(Russian    Tiu-kestan),     29005     to 
29011. 

wild  (Palestine),  29026. 
Willow  (Chinese  Turkestan),  29144,  29145. 

(Russian  Turkestan),  29143. 

Yangtaw.     See  Actinidia  chinensis. 
Yeheb  nut.     See  Cordeauxia  edulis. 
Yerba  mat6.     See  Ilex  paraguariensis. 

Zea  mays,  29167,  29317. 
Zizania  latifolia,  29173. 
Zizipkus  jujuba,  28926  to  28928. 
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Office  of  the  Chief, 

Washington,  D.  C,  June  22,  1911. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend 
for  pubhcation  as  Bulletin  No.  228  of  the  series  of  this  Bureau  the 
accompanymg  technical  paper  by  Mr.  John  R.  Johnston,  entitled 

ihe  History  and  Cause  of  the  Coconut  Bud-Rot  " 

This  paper  deals  with  a  very  destructive  and  widespread  disease 
of  coconuts  which  has  been  known  to  occur  in  Cuba  for  more  than 
30  years,  and  undoubtedly  the  same  disease  occurs  also  in  Jamaica, 
in  the  Caynian  Islands,  in  British  Guiana,  and  in  British  Honduras 

ihe   results   presented    are   based   on   investigations   covering   a 
period  of  four  years,  the  extent  and  nature  of   the  disease  having 
been  studied  m  Cuba,  Jamaica,  Trinidad,  and  British  Guiana. 
Respectfully, 

B.    T.    Galloway, 

TT        -r  TTT  CUsf  of  Buveau. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  HISTORY  AND  CAUSE  OF  THE 
COCONUT  BUD-ROT. 


INTRODUCTION. 

• 

For  more  than  30  years  the  people  of  Cuba  have  discussed  the 
cause  of  the  gradual  dying  off  of  their  coconut  trees  and  have 
tte  mpted  to  overcome  it,  but  without  success.  As  a  result  of  the 
unchecked  progress  of  the  disease  the  coconut  groves  have  now 
almost  disappeared  from  the  western  part  of  the  island  and  are  con- 
fined in  a  commercial  way  to  a  very  small  strip  along  the  coast  in  the 
Baracoa  district  at  the  extreme  eastern  end.  Ten  to  eighteen 
million  nuts  have  been  exported  from  this  locality  to  the  United 
States  annually  for  the  last  few  years.  Dr.  Erwin  F.  Smith,  working 
on  the  disease  in  1904,  in  the  neighborhood  of  Baracoa,  writes  as 
follows:  ''If  it  continues  to  spread  as  it  has  done  during  the  past  10 
years  it  will  inevitably  destroy  the  coconut  industry  of  the  island, 
and  that,  too,  within  the  next  10  or  15  years."  ^ 

This  disease  of  the  coconut  is  by  no  means  confined  to  Cuba.  It 
has  caused  great  loss  in  Jamaica,  British  Honduras,  Trinidad,  and 
British  Guiana,  countries  that  are  important  sources  of  coconuts  for 
the  United  States.  The  trouble  occurs  also  in  less  important  places 
in  tropical  America.  A  dying  off  of  coconut  trees  in  the  Eastern 
Hemisphere  is  thought  by  some  to  be  caused  by  a  disease  identical 
with  that  in  the  West  Indies.  It  is  probable  that  this  is  a  widespread 
trouble,  occurring  wherever  coconuts  are  grown.  Desultory  studies 
have  been  made  of  this  disease  at  intervals  ever  since  the  early 
eighties,  and  it  has  been  ascribed  to  various  causes,  such  as  insects, 
fungi,  bacteria,  atmospheric  conditions,  and  soil.  A  malady  so 
actively  destructive  in  certam  districts  demands  more  attention  from 
scientific  investigators. 

The  present  work  has  been  carried  on  with  the  hope  of  establishing 
the  cause  and  finding  a  remedy.  The  writer  believes  he  has  suc- 
ceeded in  showing  that  the  disease  is  infectious  and  that  it  is  due  to 

1  Smith,  Envin  F.    The  Bud  Rot  of  the  Coconut  Palm  in  the  West  Indies.    Science,  n.  s.,  vol.  21, 
Mar.  31, 1905,  pp.  500-502. 
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certain  specific  bacteria,  but  methods  by  which  it  can  be  absolutely 
controlled  remain  yet  to  be  found.  A  thorough  knowledge  of  the 
conditions  under  which  the  disease  occurs,  including  the  difficulties 
involved  in  carrying  on  an  investigation  of  it,  is  so  important  that  it 
has  been  considered  desirable  to  describe  in  some  detail  the  work 
carried  out  by  the  writer.  The  salient  points  brought  out  by  the 
observations  of  earlier  investigators  have  also  been  included. 

NATURE  OF  THE  DISEASE. 

General  diagnosis. — The  common  name  of  the  disease,  bud-rot, 
well  describes  its  nature,  for  in  its  acute  or  advanced  stages  the  bud 
of  the  tree,  i.  e.,  the  growing  point  in  the  center  of  the  cro%vn,  is 
affected  by  a  vile-smelling  soft  rot  which  destroys  all  the  younger 
tissues.  At  this  stage  most  of  the  nuts  have  fallen,  the  lower  leaves 
are  turning  yellow,  and  the  middle  folded  and  undeveloped  leaves 
are  dead  and  hang  down  between  the  still  green  surrounding  leaves. 
Signs  of  the  disease  in  its  incipiency  are  (1)  the  falling  of  the  immature 
nuts  (PL  I) ;  (2)  a  staining  of  the  opening  flower  spikes,  partly  or 
wholly,  to  a  rich  chocolate  brown  (PL  II,  figs.  1  and  2;  and  PL  III, 
fig.  1) ;  and  (3)  the  dying  and  bending  over  of  the  middle  undeveloped 
leaves.  Wlien  the  nuts  are  being  shed  investigation  reveals  at  the 
base  of  the  affected  spikes  a  dark-colored  wet  rot  which  spreads 
around  the  leaf  sheaths,  or  strainers,  as  they  are  locally  known.  This 
rot  appears  as  water-soaked  areas  which  may  reach  a  length  of  15  or 
20  centimeters  on  both  the  upper  and  lower  surfaces  of  the  bases  of  the 
leaves  (PL  II,  fig.  3 ;  and  PL  III,  figs.  2  and  3).  This  condition  often 
penetrates  the  leaf  bases  to  a  depth  of  2  centimeters  or  more,  and  the 
tissues  involved  in  it  swarm  with  bacteria.  As  the  white  tissues  at  the 
base  of  the  leaf  become  old  and  green  the  water-soaked  spots  harden, 
and  they  may  often  be  found  in  this  condition  on  otherwise  perfectly 
healthy  trees. 

The  rot  gradually  spreads  from  the  base  of  one  spike  to  another 
through  the  wet  strainer.  It  is  probable  that  insects  carry  the  dis- 
ease from  one  part  to  another,  since  there  may  be  one  or  more 
points  of  infection.  Gradually  all  the  spikes  become  affected  and 
shed  their  nuts,  and  the  leafstalks  become  so  rotted  at  their  bases  that 
they  are  not  able  to  maintain  their  natural  position,  but  are  pendent 
(PL  IV),  often  for  a  long  time,  or  else  fall  off. 

If  the  infection  starts  in  the  central  leaves  the  disease  is  apt  to 
progress  rapidly  downward  into  the  younger  tissues,  which  it  is  very 
active  in  disintegrating,  the  vascular  bundles  being  so  soft  as  to  allow 
the  tissues  to  go  entirely  to  pieces.  In  the  center  it  may  progress  into 
the  trunk  for  a  short  distance  and  rot  out  the  fundamental  tissue, 
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leaving  only  the  fibers  which  are  too  hard  to  be  disintegrated.  This 
rot  has  been  found,  exceptionally,  as  far  as  1.5  meters  under  the  heart 
of  the  bud,  a  hard  outer  shell  being  left  around  the  central  rotted 
portion.  Usually  the  decay  extends  in  the  trunk  under  the  bud 
for  a  distance  of  only  0.2  to  0.5  meter  and  never  throughout  its 
length. 

Spots  which  are  merely  fungous  infections  often  occur  on  the  middle 
leaves  (PI.  V,  figs,  1,  2,  and  3).  These  spots  spread  and  coalesce, 
leaving  blackened,  wet,  and  later,  dry  and  dead  tissues.  Insects  and 
small  animals  are  often  found  in  tho  decaying  tissues,  but  the  advanc- 
ing margin  of  the  soft  rot  appears  to  be  occupied  exclusively  by 
bacteria. 

Spread  and  loss. — The  spread  of  this  disease  may  be  very  rapid. 
It  may  occur  year  after  year  as  only  scattered  cases  in  a  grove,  but 
frequently  whole  plantations  may  be  affected  in  a  short  time.  In 
such  groves  scores  and  scores  of  bare  trunks  may  be  seen  (PI.  YI,  fig, 
1),  the  crowns  of  which  have  rotted  and  blown  off.  There  may  be 
trees  with  the  whole  crown  bent  over  and  hanging  downward  (PI.  VI, 
fig.  2),  and  others  with  three  or  four  ragged  leaves  waving  upright  in 
the  air  and  all  the  rest  brown,  broken,  hanging  down,  and  dead  (PL 
VII).  In  the  midst  of  this  desolation  there  are  often  some  green- 
crowned  trees  retaining  a  few  nuts,  or  still  in  good  bearing.  From 
two  months  to  more  than  a  year  may  elapse  from  the  time  of  the 
infection  of  a  tree  to  its  destruction.  In  Cuba  a  certain  grove  of  450 
trees  was  totally  destroyed  in  two  years.  Another  grove  was  reduced 
from  1,200  to  300  bearing  trees  in  the  same  time.  A  planter  in 
Jamaica  who  formerly  obtained  a  revenue  of  £5,000  per  year  from  his 
coconuts  now  gets  barely  £500.  Of  an  estate  in  Trinidad  comprising 
some  5,000  trees  only  15  per  cent  are  standing  at  present  (1907). 
Formerly  many  coconuts  were  grown  on  the  Grand  Cayman  Island, 
but  the  industry  has  now  been  wiped  out.  In  fact  nearly  every 
coconut-growing  region  of  importance  in  the  West  Indies  has  been 
invaded  by  this  menace  to  the  industry. 

GENERAL  DISTRIBUTION  OF  THE  DISEASE. 

The  coconut  bud-rot  has  been  studied  most  carefully  in  the  West 
Indies.  It  has  been  reported  from  various  parts  of  the  Eastern 
Hemisphere  and  probably  occurs  in  all  tropical  lands. 

TROPICAL    AMERICA. 

Cuha. — While  coconuts  are  grown  in  suitable  places  all  over  Cuba, 
coconut  gro^ving  on  a  commercial  scale  is  now  mostly  confined  to  a 
narrow  strip  of  land  on  the  north  shore  at  the  extreme  eastern  end 
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of  the  island  (fig.  1).  This  strip,  which  is  about  80  kilometers  long, 
is  mostly  within  what  is  known  as  the  Baracoa  district.  The  bud-rot 
has  been  reported  at  La  Gloria;^  it  occurs  from  Havana  to  Artemisa, 
at  Cardenas,  Cienfuegos,  Manzanilla,  Banes;  on  the  coast  between 
Santiago  de  Cuba  and  Cape  Cruz;^  and  from  Cape  Maisi  northwest  to 
beyond  Baracao.  All  the  trees  have  been  killed  at  the  extreme  east- 
em  end  of  the  latter  strip  of  land  and  largely  about  Baracoa  and  in 
other  more  isolated  places.  The  estimated  monthly  loss  to  the  Cuban 
industry  is  $10,000.3  ^he  fact  that  coconuts  are  not  now  grown 
commercially  over  the  greater  part  of  the  north  shore  of  the  island, 
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Fig.  1.— Map  of  the  eastern  end  of  Cuba,  showing  the  location  of  coconut  groves  (dots).    The  diseased 

areas  are  indicated  by  heavy  shading. 

a  distance  of  900  to  1,100  kilometers,  is  attributed  by  some  to  the 
supposed  prevalence  of  this  disease  in  early  times  in  those  regions. 

Diseases  of  the  coconut  palm  have  been  reported  from  various 
parts  of  the  West  Indies  for  some  years.  In  many  cases  the  descrip- 
tions are  so  meager  that  it  is  impossible  to  identify  them  ^\dth  the 
bud-rot,  nevertheless  the  one  characteristic,  the  rot  m  the  heart 
tissues,  is  believed  to  apply  only  to  this  disease.  In  addition,  the 
dying  of  the  central  undeveloped  leaves  is  taken  as  a  sign  of  the  bud- 
rot,  as  it  is  usually  the  result  of  the  rottmg  of  the  lower  tissues. 

>  Merrick,  F.    Cocoanut  Bud  Rot.    Cuba  Review,  vol.  6,  April,  1908,  p.  24. 
2  Home,  W.  T.    Bulletin  No.  15,  Estaci(3n  Central  Agron6mica  de  Cuba,  July,  1908,  p.  4. 
» Home,  Mary  Tracy  (Mrs.  W.  T.  Home).    The  Cocoanut  Industry  in  Cuba.    Cuba  Review,  vol.  5, 
no.  11,  October,  1907,  pp.  18-20. 
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With  these  considerations  as  a  basis  for  their  selection  and  as  pre- 
limmary  to  the  writer's  own  observations,  the  followmg  extracts 
from  earUer  writers  are  made,  and  in  order  to  avoid  misinterpreta- 
tion tlio  exact  statements  are  inchided. 

Dr.  Federico  Galvez,  hi  a  letter^  dated  Havana,  January  5, 
1886,  writes  that  when  he  returned  to  Cuba  after  an  absence  of  more 
than  10  years,  the  place  of  his  birth  and  childhood,  Matanzas,  pre- 
sented a  very  different  appearance  in  that  all  of  the  once  beautiful 
coconut  trees  had  been  completely  destroyed.  Thousands  of  these 
dead  trees  were  seen  by  him.  The  same  conditions  prevailed  hi 
Havana.  Of  the  extensive  coconut  groves  of  Marianao  and  Jesus 
del  Monte  only  a  few  isolated  cases  now  remained  standing.  In  his 
exact  words : 

Cuando  volvl  a  Cuba  despues  de  una  aueencia  de  mas  de  diez  anos,  fui  a  visitar  los 
campos  donde  habia  pasado  mi  niiiez,  y  tambien  a  mi  ciudad  natal,  Matanzas,  y  tanto 
en  esta  como  en  aquellos,  me  impresiono  dolorosamente  ver  todos  los  cocoteros  que 
tan  frondosos  habia  dejado,  completamente  destruidos.    -^    *    * 

En  los  ali-ededores  de  la  Habana  sucedia  lo  mismo;  de  los  extensos  cocalea  de 
Marianao  y  Jesus  del  Monte  solo  quedaban  en  pie  algunos  drboles  aislados.  *  *  * 
Miles  de  cocoteros  muertos  dm-ante  este  tiempo  ban  eido  examinados. 

Sr.  Antonio  Bachiller,  in  a  letter^  dated  Havana,  January  26, 
1886,  stated  that  he  had  examuied  many  trees  dead  and  dymg  in 
several  towns  near  Havana,  and  in  none  of  the  trees  did  he  find  the 
insect,  or  any  sign  of  it,  which  was  said  to  cause  the  trouble.  He 
did  find  signs  of  putrefaction  m  the  cro-wai.     To  quote  exactly : 

He  hecho  abrir  en  Guanabacoa,  en  Marianao,  en  Cimarrones,  en  Camarioca,  muchos 
di-boles  ya  muertos  6  en  estado  de  morirse,  y  en  ninguno  se  ha  encontrado  la  larva  del 
Bupuesto  cucarachon,  ni  sus  huellas  6  galerias.  *  *  *  Solo  en  el  penacho  habia 
eenales  de  putrefaccion  con  sus  consequencias:  alii  he  hecho  recojer  hidrofilos  comunes, 
agua  fetida  y  cucarachas. 

One  other  letter  from  among  the  numerous  ones  published  at  this 
time  is  selected  for  reference.  Raphael  del  Pino,  in  a  letter^  dated 
Hacienda  Herradura,  Phiar  del  Rio,  January  25,  1886,  says  that  he 
lost  on  his  plantation  more  than  100  trees,  all  small  ones  from  1  to  1^ 
years  old.     To  quote  from  him: 

He  perdido  mas  de  cien  matas  en  esta  hacienda.  *  *  *  Esas  clen  matas  de 
coco  eran  todas  pequenas,  de  un  aiio  a  ano  y  medio  las  que  mas  edad  tenian. 

From  these  letters,  and  many  that  have  not  been  quoted,  it  is  evi- 
dent that  a  serious  disease  of  coconuts  has  been  present  in  Cuba  for 
many  years,  according  to  Dr.  Federico  Galvez,  at  least  some  years 
prior  to  1886.     From  Bachiller's  mention  of  putrefaction  it  is  more 

1  Balmaseda,  F.  J.    Tesoro  del  Agricultor  Cubano,  vol.  2,  2d  ed.,  1893,  p.  154. 

2  Balmaseda,  F.  J.    Op.  cit.,  p.  132. 

3  Pino,  Raphael  del.  El  Pais,  Jan.  29, 1886.  Reprinted  by  Balmaseda,  F.  J.,  in  Tesoro  del  Agricultor 
Cubano,  vol.  2,  2d  ed.,  1893,  p.  135. 
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than  likely  that  the  disease  was  no  other  than  the  bud-rot,  and  from 
the  fact  that  the  notes  of  Galvez  and  of  Pmo  apply  to  adjacent  dis- 
tricts it  may  reasonably  be  supposed  that  they  were  speakmg  of  the 
same  disease.  More  recent  mvestigations  by  Mr.  August  Busck  and 
Dr.  Erwin  F.  Smith,  both  of  this  Department,  and  a  little  later  b}^  the 
staff  of  the  Estacion  Agronomica  at  Santiago  de  las  Vegas,  deal  with 
the  present  occurrence  of  the  disease.  Mr.  Busck,^  in  1901,  reported 
as  follows  on  the  disease  in  the  Baracoa  district: 

There  were  no  diseased  palms  in  the  immediate  neighborhood  of  Baracoa,  but  going 
out  some  10  miles  east  and  along  the  coast,  yellow,  drooping  tops  and  naked  trunks 
began  to  appear;  and  still  farther  out  around  Mata  and  neighboring  towns,  the  disease 
reached  its  highest  development.  Here  large  areas  were  attacked,  and  already  from 
10  to  neai-ly  100  per  cent  of  the  trees  were  lost. 

Dr.  Smith  studied  the  disease  in  1904  and  reported  as  follows: 

The  disease  has  made  decided  advances  since  it  was  studied  by  Mr.  Busck  in  1901, 
especially  at  Mata,  and  if  it  continues  to  spread  as  it  has  done  dui'ing  the  past  10  years 
it  will  inevitably  destroy  the  coconut  industry  of  the  island,  and  that,  too,  within  the 
next  10  or  15  years.  Already  many  of  the  planters  are  discouraged  and  are  not  setting 
any  more  trees,  since  it  now  attacks  trees  of  all  ages,  including  quite  young  ones,  and 
those  on  the  hills  as  well  as  those  close  to  the  sea.^ 

In  their  papers  on  the  subject  Mr.  Busck  and  Dr.  Smith  describe 
the  nature  of  the  disease  m  such  detail  as  to  render  it  certain  that  it 
was  the  bud-rot  which  they  were  studymg. 

In  the  Primer  Informe  Anual  de  la  Estacion  Central  Agronomica 
de  Cuba,  1905,  on  page  195,  there  appears  the  following: 

Esta  enfermedad  se  presenta  en  la  Provincia  de  la  Habana,  y  se  nos  ha  dado  cuenta 
de  que  existe  en  otros  varias  localidades,  probablemente  afecta  d  toda  la  Isla. 

In  this  quotation  there  is  no  direct  mention  of  the  bud-rot,  but 
further  on  in  the  article  the  disease  is  described  as  the  bud-rot  iden- 
tical mth  that  in  eastern  Cuba.  According  to  this  evidence  the 
disease  is  now  present  in  the  Province  of  Havana. 

A  former  pathologist  of  the  Estacion  Central  Agonomica  and  the 
wTiter  have  carried  on  investigations  more  recently,  and  their  work 
will  be  discussed  more  fully  further  on. 

Jamaica. — In  Jamaica  the  coconut  region  is  proportionately  more 
extensive  than  in  Cuba,  the  only  districts  where  there  are  no  large 
groves  being  in  the  interior  and  on  the  south  coast  (fig.  2).  For- 
tunatel}'',  the  disease  is  serious  only  in  the  extreme  western  end  of  the 
island,  in  the  district  between  Savanna  la  Mar  and  Montego  Ba}"  and 
a  little  beyond.  It  is  not  greatly  feared  by  those  planters  who  keep 
watch  of  their  groves,  although  even  with  the  utmost  care  many  lose 

>  Busck,  August.  Report  on  the  In\'estigations  of  Diseased  Cocoanut  Palms  in  Cuba.  Bulletin  38, 
n.  s.,  Bureau  of  Entomology,  U.  S.  Dept.  of  AgricuJture,  1902,  pp.  20-23. 

2  Smith,  Envin  F.  The  Bud  Rot  of  the  Coconut  Palm  in  the  West  Indies.  Science,  u.s.,  vol.  21, 1905, 
pp.  500-502. 
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Fig.  1  .—Rotted  Sword  of  Coconut  Palm.    Figs.  2  and  3.— Water-Soaked  Spots 
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a  dozen  or  so  trees  every  year.  The  total  loss  for  Jamaica  per  year 
at  present  is  probably  small,  but  the  fact  that  the  bud-rot  occurs 
there  and  requires  constant  watching  indicates  a  dangerous  condition. 
Mr.  W.  Fawcett,  former  director  of  the  Botanical  Gardens  at 
Kingston,  reports  as  follows: 

I  have  visited  Montego  Bay  to  examine  into  the  death  on  a  large  scale  of  coconut 
palms  in  that  neighborhood.  *  *  *  Several  trees  were  cut  down  and  the  roots,  stem, 
leaves,  and  cabbage  examined.  There  waa  no  evidence  whatever  of  attacks  by  a 
beetle.  There  were  some  small  larvae,  some  wood  lice,  earwigs,  ants  of  several  species, 
and  other  insects  on  the  affected  parts,  but  they  were  evidently  only  preying  on  the 
diseased  juices,  and  were  not  the  cause  of  the  disease.    *    *    * 

The  youngest  parts  were  those  affected.  The  leaves  and  flowers  in  the  bud  were 
sometimes  able,  though  affected,  to  withstand  the  disease  so  far  as  to  open  out,  and 
some  leaves  and  nuts  attained  almost  their  full  development  before  the  tree  suc- 
cumbed. In  the  case  of  tall  trees  the  first  indication  of  the  disease  was  the  dropping 
of  the  young  fruit.     *    *    * 

If  the  terminal  bud  in  the  cabbage  is  affected,  the  tree  is  doomed. 


Fig.  2.— Map  of  Jamaica.    The  dots  show  the  location  of  coconut  groves,  and  the  heavily  shaded 

portions  indicate  diseased  areas. 

In  almost  all  the  trees  examined  the  sour  smell  of  a  putrefactive  fermentation  was 
very  noticeable,  and  I  am  of  the  opinion  that  the  disease  is  due  to  an  organized  ferment 
which  is  able  to  attack  the  very  tender  tissues  of  the  youngest  parts,  even  outside  the 
terminal  bud.  If  this  ferment  can  be  destroyed  by  fire  or  other  means  before  it 
reaches  the  terminal  bud  in  the  heart  of  the  cabbage  the  tree  may  be  saved. ^ 

Cayman  Islands. — In  the  Cayman  Islands,  midway  between 
Jamaica  and  Cuba,  the  bud-rot  has  raged  for  some  time.  The 
industry  has  been  practically  destroyed  on  Grand  Cayman.  Mr. 
W.  Fawcett  reports: 

Disease  has  for  several  years  blighted  the  palms  in  Grand  Cayman.  *  *  *  No 
accurate  information  could  be  obtained  from  the  people  as  to  the  first  appearance  of 
the  disease;  some  said  it  was  15  years  ago,  others,  again,  thought  it  might  have  been 
40  years.  In  a  dispatch  from  the  Marquis  of  Sligo  in  1834  he  mentions  that  all  the 
coconuts  of  the  leeward  side  had  been  destroyed,  but  that  the  infection  had  not  reached 


I  Fawcett.  W.    Report  on  the  Coco-nut  Disease  at  Montego  Bay. 
Jamaica,  September,  1891,  p.  2. 
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the  windward  side.  It  is  probable  that  this  was  the  same  deadly  disease.  I  saw  a 
great  number  of  these  palms  of  different  ages  in  various  stages  of  the  disease,  and  at 
several  localities.  *  *  *  The  inhabitants  have  been  most  persevering  in  their 
efforts  to  reestablish  their  coconut  walks,  but  it  is  of  no  avail. ^ 

Mr.  Fawcett  also  describes  the  disease  in  full  as  like  that  of  Jamaica, 
which,  in  turn,  is  similar  to  that  of  Cuba. 

British  Honduras. — A  disease  not  due  to  insects  has  been  noticed 
on  the  coconut  trees  of  Honduras  for  some  j^ears.  It  has  been 
reported  as  follows: 

It  is  known  as  "fever,"  and  at  present  no  accurate  account  has  been  given  of  its 
symptoms  or  of  its  prevalence.  *  *  *  From  the  little  known  about  it,  it  appears 
to  be  allied  to  one  or  other  of  the  diseases  (if,  indeed,  they  are  not  the  same)  observed 
in  Demerara  in  1875-6,  and  in  Montego  Bay,  Jamaica,  in  1891.  *  *  *  According 
to  Mr.  Hunter,  50  to  80  per  cent  of  the  trees  attacked  by  the  weevil  show  signs  of  the 
disease  at  the  top  first.  This  may  be  merely  a  misinterpretation  of  the  early  signs  of 
injury  due  to  weevil  grubs  before  they  have  been  noticed  in  the  trunk,  but  the  state- 
ment is  of  importance  and  should  be  confirmed  or  refuted.  In  his  e\adence  Mr. 
Baber  says  he  "has  a  small  spot  on  the  seaside  in  Serango  Bight  (very  swampy).  He 
there  noticed  that  the  trees  died  off  very  rapidly,  although  of  various  ages  from  7  to  10 
years.  Does  not  know  the  cause  of  death;  some  trees  on  better  land  close  by  were 
not  affected."  Mr.  Schofield  states  that  his  plantation  was  apparently  healthy  on 
the  24th  of  December.  *  *  *  On  the  7th  of  January  he  discovered  some  15  trees 
more  or  less  affected;  some  had  actually  fallen  over,  others  had  their  fronds  broken 
and  trailing  on  the  ground,  while  the  rest  from  their  yellow  and  drooping  appearance 
showed  plainly  that  they  also  were  diseased.^ 

The  following  extract  is  from  a  letter  to  the  United  States  Depart- 
ment of  Agriculture  from  BeUze,  British  Honduras,  dated  April  12, 
1907: 

We  have  in  this  colony  thousands  of  trees  killed  every  year  either  by  insects,  bac- 
teria, or  a  combination  of  both. 

These  reports  from  British  Honduras  indicate  that  the  disease 
referred  to  can  scarcely  be  any  other  than  the  bud-rot. 

Trinidad. — In  Trinidad  a  disease  occurs  along  the  west  coast 
(fig.  3)  and  in  the  interior,  leaving  the  extensive  groves  of  the  east 
coast  untouched. 

Mr.  J.  H.  Hart,  formerly  superintendent  of  the  Botanical  Gardens, 
says : 

My  observations  lead  me  to  conclude  that  the  plantation  itself  affords  distinct  evi- 
dence that  there  has  been  for  many  years  a  succession  of  deaths  among  the  trees  on 
certain  areas,  which  latter  appear  to  have  been  replanted  several  times  over.  In 
my  opinion  this  is  strong  evidence  that  the  disease  is  not  new  but  has  been  present  in 
more  or  less  severity  for  years. ^ 

I  Fawcett,  W.  Report  on  the  Cayman  Islands.  Bulletin  11,  Botanical  Department  of  Jamaica,  Fel> 
ruary,  1889,  pp.  3-4. 

s  Blandford,  W.  H.    Palm  Weevil  in  British  Honduras.    Kew  Bulletin,  Nos.  74  and  75, 1893,  pp.  27-60. 

»  Hart,  J.  H.  Bud-Rot  Disease  in  Coconuts,  Gulf  Coast,  1905.  Preliminary  Report.  Bulletin  of  Mis- 
cellaneous Information,  Botanical  Department  of  Trinidad,  October,  1905,  pp.  242-243. 
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Mr.  F.  A.  Stockdale  docs  not  appear  to  consider  the  disease  serious: 

The  few  isolated  cases  in  the  Cedros  district  would  indicate  that  this  disease  is  not  of 
a  very  infectious  character,  but  large  numbers  have  been  killed  out  in  the  Siparia 
district,  the  spread  being  very  rapid  and  apparently  from  the  windward.  I  am 
inclined  to  the  view  that  this  disease  is  similar  to  the  destructive  disease  of  cocoanuta 
in  Cuba.* 

There  has  been  a  good  deal  published  on  the  coconut-palm  dis- 
ease of  Trinidad,  and  while  the  early  local  investigators  admitted  tlie 
presence  of  some  bud-rot,  they  maintained  that  the  worst  of  the  injury 
was  due  to  other  diseases.  Tlie  description  and  arguments  of  the 
various  writers  appear  so  unsatisfactory  that  they  will  be  discussed 
more  fully  in  a  later  paragraph.     It  is  the  belief  of  the  writer  from 
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Fig.  3.— Map  of  Trinidad.    The  location  of  coconut  groves  is  shown  by  dots.    The  heavily  shaded 

portions  indicate  diseased  areas. 

personal  examination  in  many  places  in  the  island  that  the  bud-rot 
is  the  principal  disease  in  Trinidad,  and  that  the  others  are  of  less 
importance,  or  represent  stages  secondary  to  the  bud-rot. 

British  Guiana. — In  British  Guiana  the  groves  at  the  mouths  of  the 
Essequibo  and  Mahaicony  Rivers  are  diseased  (fig.  4).  Hon.  William 
Russell  examined  the  trees  and  reported,  in  correspondence  to  the  Kew 
Gardens  in  1875,  as  follows: 

On  dissecting  the  top  of  the  tree,  all  the  fruit  germs  were  found  quite  rotten  (putrid 
fermentation),  and  gave  a  most  offensive  smell;  and  at  the  point  where  the  last  frond 
or  central  spike  divides  from  the  lower  fronds  the  state  of  putrefaction  was  fearful.* 

•  Stockdale,  F.  A.  Coconut  Palm  Disease  (Society  paper  247).  Proceedings  of  the  Agricultural  Society 
of  Trinidad  and  Tobago,  vol.  7,  December,  1906,  p.  45. 

'  Anonymous.    Bud- Rot  Disease  of  Cocoanut  Palm.    West  Indian  Bulletin,  vol.  6, 1905,pp.  307-321. 
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From  this  same  colony  comes  the  following  report : 

Travelers  on  the  East  Coast  Railway  can  hardly  have  failed  to  notice  the  unhealthy 
appearance  of  many  of  the  coconut  trees  which  form  so  conspicuous  a  feature  of  the 
district  from  Mahaicony  onwards  to  Belladrum.  The  drooping  leaves,  and  yellow 
crowns,  the  "bare  poles"  of  dead  palms  in  too  many  cases  point  to  disease  of  a 
widespread  and  malignant  nature.* 

So  far  as  authentic  reports  or  personal  investigations  are  concerned 
there  is  no  note  of  the  further  occurrence  of  the  disease  in  the  West 
Indies  or  tropical  America.  Three  different  travelers  have,  however, 
reported  to  the  writer  a  disease  of  coconuts  in  both  Haiti  and  the 
Dominican  Republic  similar  in  general  aspect  to  the  Cuban  disease. 
Another  traveler  reports  it  from  the  Mexican  coast  south  of  Vera  Cruz. 
A  captain  of  a  schooner  engaged  in  collecting  coconuts  at  Baracoa 


Fig.  4.— Map  of  a  portion  of  British  Guiana.    The  dots  show  the  location  of  coconut  groves  and  the 

heavily  shaded  parts  Indicate  diseased  areas. 

clauned  to  the  writer  that  he  had  seen  what  appeared  to  be  the  same 
disease  on  the  San  Bias  coast  of  Panama,  where  the  best  nuts  are 
obtained. 

Although  it  does  not  appear  to  occur  in  Porto  Rico,  it  is  prevalent 
in  all  of  the  very  important  sources  of  coconuts  in  the  West  Indies 
and  the  adjacent  coasts. 


EASTERN   TROPICS. 


Diseases  of  coconuts  in  the  Eastern  Hemisphere  have  been  known 
and  investigated  for  some  years,  but  it  is  only  recently  that  one 
similar  to  the  bud-rot  of  the  West  Indies  has  been  reported.  So  far 
as  known  there  have  been  no  comparisons  by  photographs  or  by 


»  Leechman,  Alleyne.     The  Radical  Cure  of  Infectious   Plant  Diseases. 
Agriculture  of  British  Guiana,  vol.  2,  no.  3,  January,  1909,  pp.  104-106. 
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s})ccimons  of  the  biul-rot  from  both  regions,  nor  lias  any  investigator 
of  tlie  one  region  visited  the  otiier,  a  procedure  eminently  desirable 
to  establish  fully  the  ])robable  fact  that  this  destructive  disease  is 
present  in  all  parts  of  the  tropical  world. 

Philippine  Islands. — In  the  Philippines  the  disease  is  present  in 
several  provinces  and  reported  *  to  be  very  destructive. 

The  bud-rot  is  at  present  very  prevalent  in  I.azaan,  Sungi,  and  Ylaya.  It  is  present, 
but  does  less  damage,  in  two  other  of  the  upper  barrios  of  Lilio.  There  are  a  few 
scattered  cases  in  Balanacan  and  Sinipian,  barrios  of  Nagcarlan,  and  probably  in 
Pagsauitan  and  elsewhere.  *  *  *  Capt.  Grove  has  heard  that  many  years  ago 
it  practically  wiped  out  the  coconut  industry  of  Lucban,  and  I  have  been  told  that 
it  was  very  destructive  about  five  years  ago  in  Sariaya.     *    *    * 

In  the  badly  infested  districts  there  are  patches  where  almost  every  tree  is  smitten 
and  larger  ones  where  fully  half  of  the  trees  are  dead  or  dying.     *    *    * 

The  disease  attacks  the  soft,  undifferentiated  tissue  of  growing  points.  *  *  * 
As  soon  as  the  youngest  leaf  is  noticeably  discolored  it  can  easily  be  drawn  out. 
*  *  *  The  decaying  tissue  has  a  powerful  and  vile  odor.  The  stench  is  very 
characteristic. 

Ceylon.— In  Ceylon  an  infection  apparently  identical  with  the 
bud-rot  of  the  West  Indies  destroyed  the  young  trees  on  a  small 
estate  but  spread  no  farther.  An  investigator  reported  that  bud- 
rot,  apparently  identical  with  the  West  Indian  disease,  appeared  in  a 
small  native  estate  early  in  the  year.  The  place  was  visited  and 
the  diseased  trees  cut  out.^ 

According  to  Copeland,^  Fetch  of  Ceylon  found  in  a  small  isolated 
patch  of  10  acres,  including  some  800  trees,  50  that  were  dead  or 
dying.  The  diseased  trees  were  3  or  4  years  old.  Their  condition  is 
described  as  follows: 

The  first  indication  of  the  disease  (in  the  case  of  young  plants)  is  the  withering 
of  the  youngest  imfolding  leaf.  This  turns  brown  and  can  be  pulled  out  of  its  sheath; 
it  is  then  found  to  end  in  a  soft  brown  mass.  *  *  *  If  the  dying  fronds  are  removed 
and  the  bud  exposed  there  will  be  found  instead  of  the  white  cabbage  a  pale  brown 
semiliquid  mass.  *  *  *  The  organisms  responsible  for  this  decay  are  bacteria 
which  are  found  in  abundance  in  the  rotting  tissues;  they  are  short,  thick  rods  with 
rounded  ends  which  form  whitish  colonies  of  slow  growth  on  sugar  agar. 

India.— It  is  probable  that  the  bud-rot  occurs  also  in  India  proper, 

accordmg  to  the  following: 

Some  time  ago  the  occurrence  was  reported  of  a  coconut  pest  in  the  shape  of  a  fungus 
which  was  eating  into  the  vitals  of  the  coconut  palm  in  North  Travancore.'* 

>  Copeland,  E.  B.  Bud  rot  of  the  Coconut.  Philippine  Agricultural  Review,  vol.  1,  no.  5,  May, 
1908,  pp.  210-220. 

'  Hart,  J.  H.  Diseases  of  Cacao,  Coconut,  Rubber,  etc.  Extract  from  the  Report  of  the  Botanical 
Department,  Ceylon  (Society  paper  264).  Proceedings  of  the  Agricultural  Society  of  Trinidad  and 
TobagO;  vol.  7, 1907,  pp.  179-193. 

3  Copeland,  E.  B.    Op.  cit.,  pp.  210-220. 

*  See  "Fungus  Disease  of  Coconuts,"  in  Tropical  Agriculturist,  vol.  21,  February,  1905,  p.  556. 
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A  report  of  palm  diseases  in  India  mentions  the  coconut  palm  as 
follows : 

The  most  serious  aspect  of  the  matter  is  the  fact  that  coconut  palms  are  undoubtedly 
subject  to  infection.  In  Ramachandrapuram  taluka  few  cases  only  were  seen,  but 
in  Amalpuram  they  are  numerous,  though  fewer  than  in  the  palmyra.  *  *  *  In 
one  locality  some  200  dead  coconut  trees  were  seen;  elsewhere  only  a  dozen  or  two. 
The  danger  is  that  the  disease  may  increase  in  virulence  in  regard  to  coconut  palms 
if  allowed  to  rage  unchecked.  *  *  *  Very  soon  a  rot  follows,  which  extends  with 
great  rapidity  in  the  delicate  central  tissues  and  converts  the  whole  heart  into  a  foul- 
smelling  mass  of  putrefaction  in  which  everything  is  involved,  and  the  original  agent 
is  lost  sight  of.' 

German  East  Africa. — In  German  East  Africa  a  disease  of  coconuts 
is  described  as  a  rot  of  the  heart  tissues  and  is  said  to  be  contagious. 
The  symptoms  are  merely  that  the  leaves  turn  yellow  and  dry  up, 
and  the  tree  dies.  Soon  after  the  first  appearance  of  the  disease 
the  heart  leaves  can  be  drawn  out,  as  the  bottom  is  rotted  off.  This 
meager  description  of  it  answers  well  for  the  typical  bud-rot: 

Die  Faulnis  des  Herzblattes  is  weit  schlimmer,  da  sie  ansteckend  ist.  Die  Krank- 
heit  macht  sich  folgendermassen  bemerkbar:  Die  untercn  Wedel  und  die  Spitze  des 
Herzblattes  werden  gelblichrot  und  trocken,  und  der  Baum  stirbt  ab.  Man  kann 
nach  der  ersten  Erscheinung  das  Herzblatt  mit  leichter  Miihe  herausziehen,  da  das 
Ende  vollkommen  verfault  ist.  Ist  das  Herz  verfault,  so  sind  die  Wurzeln  und  auch 
noch  der  untere  Stamm  vollkommen  frisch  und  saftig,  ein  Zeichen,  dass  die  Krank- 
heit  nicht  von  unten  an  den  Wurzeln  anfangt,  wie  leider  hier  noch  vielfach  behauptet 
wird;^ 

Portuguese  East  Africa. — In  Portuguese  East  i^rica  a  similar 
disease  is  reported,  and  there  is  great  probability  that  it  is  the 
bud-rot: 

In  Quilimane  the  disease  attacks  the  leaves,  which  become  discolored  and  dried 
wilhout  there  being  any  insect  post  or  any  \asible  disease  present.  The  disease 
quickly  spreads  from  tree  to  tree  until  a  whole  plantation  is  destroyed.  In  Quilimane 
the  only  remedy  known  is  the  total  destruction  of  the  diseased  tree  in  an  early  stage 
of  the  disease  by  cutting  down  and  burning.^ 

Tahiti. — Since  the  manuscript  of  this  bulletin  was  prepared  re})ort 
has  been  received  by  this  Department  through  the  Secretary  of 
State  of  a  serious  disease  of  the  coconut  palm  in  Tahiti  suspected  to 
be  identical  with  the  West  Indian  disease. 

From  the  foregoing  it  will  be  apparent  that  the  bud-rot  of  the 
coconut  is  probably  present  in  all  jjarts  of  the  tropical  world  (fig.  5). 
That  it  is  such  a  cosmopolitan  disease  makes  it  doubly  important  to 
learn  fully  its  nature  and  a  method  of  control. 

>  Butler,  E.  J.  Some  Diseases  of  Palms.  The  Agricultural  Journal  of  India,  vol.  1,  pt.  4, 1906,  pp.  299- 
310.  Reprinted  in  Bulletin  of  the  Department  of  Agriculture  of  Jamaica,  vol.  5,  pts.  2  and  3,  1907, 
pp.  48-58. 

>  Stein,  Pflanzer.  Die  Kokosnuss  und  deren  Bearbeitung  in  Deutsch-Ostafrika.  Der  Tropenpflanzpr, 
vol.9, 1905,  pp.  195-201. 

3  See  "Coconut  Leaf  Disease  in  Ceylon  and  Portuguese  West  Africa,"  in  Tropical  Agriculturist,  vol.  23, 
no.  7,  January,  1904,  p.  477. 
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GENERAL  INVESTIGATION  OF  THE  DISEASE  IN  THE  WEST  INDIES. 

Various  investigators  of  tlio  West  Indies  and  of  the  United  States 
have  devoted  some  time  to  tliis  disease  of  the  coconut  and  have 
tried  many  cUfierent  methods  of  controlUng  it,  so  that  it  is  desirable 
to  state  here  the  results  of  their  work. 

"  In  1901  requests  from  the  coconut  planters  of  Baracoa,  Cuba,  to  the 
United  States  Department  of  Agriculture  resulted  in  the  assignment 
of  Mr.  August  Busck,  of  the  Bureau  of  Entomology,  to  investigate 
the  disease.  Mr.  Busck  started  in  August  and  traveled  for  several 
months  over  various  districts.  He  investigated  the  purely  entomo- 
logical aspects  of  the  disease  and  reported  that  while  numerous 
insects  were  present  in  the  rotting  tops  of  the  trees  none  of  them 
seemed  to  occur  in  sufficient  numbers  to  be  considered  responsible 
for  the  trouble.  He  was  unable  to  find  the  palm  wee\al  at  all. 
Considerable  fungous  growth  which  was  thought  to  be  the  cause  of 
the  decay  was  noted  in  the  crown.  The  fungus  was  identified  as 
Pestalozzia  imlmarum  Cke.,  the  cause  of  a  widespread  coconut-leaf 
disease. 

In  1904  Dr.  Erwin  F.  Smith,  plant  pathologist  of  the  United 
States  Department  of  Agriculture,  continued  the  investigations. 
Most  of  his  examinations  were  made  in  April.  Before  visiting  the 
island  he  assumed,  from  Mr.  Busck's  statement  that  the  terminal 
bud  of  the  tree  was  involved  in  a  soft  rot,  that  the  trouble  was 
probably  due  to  bacteria.  Dr.  Smith's  own  investigations,  covering 
a  period  of  about  six  weeks  in  eastern  Cuba,  confirmed  him  in  this 
idea.  Microscopic  studies  and  numerous  poured  plates  were  made 
from  trees  in  various  localities — Baracoa,  Mata,  and  Yumuri.  He 
found  only  bacteria  in  the  advancing  margin  of  the  diseased  parts  in 
the  crown  of  the  tree.  Plenty  of  fungi  and  insects  were  presen t  in  adj  a- 
cent  rotted  tissues,  but  these  were  considered  to  be  of  secondary  impor- 
tance. No  inoculation  experiments  were  carried  on  to  prove  the 
bacterial  origin  of  the  disease.  Dr.  Smith,  however,  retained  interest 
in  the  subject  and  induced  the  writer  to  undertake  tliis  research. 

Dr.  Carlos  de  la  Torre,  of  the  University  of  Havana,  in  an  address  ^ 
at  the  university,  admitted  that  the  putrid  condition  in  the  crown  of 
the  coconut  tree  was  due  to  bacterial  fermentation,  but  claimed  it 
should  be  considered  as  a  consequence  of  the  dying  of  the  tissues  and 
not  as  a  cause.  To  him  it  was  clear  that  the  scale  insects  were  the 
primar}''  cause  of  the  diseased  condition.  Unfortunately,  he  made 
no  experiments  to  support  liis  theories. 

The  Cuban  Central  Agronomical  Station  has  also  carried  on  work 
in  the  past  two  or  three  years  to  ascertain  the  cause  of  and  a  remedy 

»  Torre,  Carlos  de  la.    La  Enfermadad  de  los  Coooteros.    Revista  de  la  Facultad  de  Letras  y  Ciencias, 
Universidad  de  la  Habana,  vol.  2,  May,  190C,  pp.  2f.9-281. 
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Plate  V. 


Figs.  1  and  2.— Bacterial  and  Fungous  Spots  on  Middle  Leaves  of  Coconut 
Palm.    Fig.  3.— Fungous  Spots  on  Middle  Leaves. 
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for  this  disease.  Mr.  William  T.  Ilorne,  until  recently  chief  of  the 
Department  of  Vegetable  Pathology,  has  published  a  summary  '  of 
his  investigations  at  the  experiment  station  at  Santiago  de  las  Vegas 
and  at  Baracoa.  His  chief  work  has  consisted  of  a  search  for  a 
remedy  for  the  disease,  or  means  of  controlling  it.  Search  for  a 
remedy  has  been  prosecuted  to  some  extent  both  in  Cuba  and  in 
Jamaica,  and  the  considerations  of  this  aspect  of  the  case  will  be 
(hscussed  later. 

As  early  as  1891  Mr.  W.  Fawcett  reported  a  serious  disease  of  the 
coconuts  at  Montego  Bay,  near  the  western  end  of  the  island  of 
Jamaica.  Since  that  time  he  and  one  of  the  agricultural  instructors, 
Mr.  W.  Cradwick,  have  carried  on  investigations  of  tlds  disease, 
giving  more  of  their  attention,  however,  to  the  study  of  methods 
of  treatment  than  to  ascertaining  its  cause.  They  have  reported  the 
disease  from  so  many  districts  that  it  may  be  desirable  to  quote  from 
their  reports  and  correspondence. 

Yesterday  I  inspected  the  coconuts  at  the  railway  station  at  Montego  Bay.  I  find 
that  the  trees  ai-e  dying  there  from  rotting  of  the  terminal  bud  in  the  same  way  that 
they  are  at  Blue  Hole  and  other  places.  *  *  *  From  my  observations  of  yesterday 
I  feel  sure  that  the  work  is  commenced  by  scale  insects  and  the  rot  communicated  by 
them.  It  does  not  start  on  the  young  flower  sheaths,  but  on  the  old  undeveloped 
ones;  from  these  the  rot  spreads  to  the  young  flower  sheaths,  from  these  to  the  heart 
or  terminal  bud.  (Dated  Nov.  25,  1902.  Unsigned,  but  kept  in  the  files  of  the 
botanical  department  at  Hope  Garden.) 

I  cut  down  coconut  trees  at  each  place  (Hopewell,  Hanover,  Sandy  Bay,  and  Jericho) 
and  fully  succeeded  in  convincing  the  small  settlers  that  my  theory  regarding  the 
dying  of  the  trees  was  the  correct  one.  *  *  *  I  strongly  advised  them  to  cut  down 
and  burn  any  trees  which  were  already  in  such  a  state  as  to  render  recovery  impossible. 

On  Thursday,  the  29th,  I  also  visited  Try-All  estate,  and  with  Mr.  Brown  cut  down 
a  coconut  tree.  This  was  a  young  tree  apparently  about  12  years  old  which  had  not 
long  commenced  to  bear,  growing  on  a  hillside  about  200  feet  above  sea  level.  It 
looked  quite  healthy,  except  that  the  nuts  were  dropping,  but  when  we  cut  down  the 
tree  we  found  the  rot  had  just  reached  the  leaf  bud  and  the  youngest  leaves  were 
rotting. 

The  disease  is  evidently  spreading.  Trees  are  dying  from  Hopewell  village  to 
Green  Island,  but  chiefly  from  Hopewell  to  Lucea.  Some  trees  at  Hopewell  village 
were  among  the  finest  I  have  ever  seen — about  7  or  8  years  old,  with  the  largest  stems 
I  have  ever  seen — just  commencing  to  fruit,  yet  they  were  dying,  one  by  one,  from  the 
rot  of  the  heart  leaf. 

Trees  are  also  dying  at  Barbican  and  Mosquito  Cove,  but  I  had  not  time  to  examine 
those  closely. 

At  Sandy  Bay  and  Jericho  they  are  also  dying. 

There  is  quite  a  grove  of  young  trees  near  Ramble,  the  property  of  Mr.  Hudson. 
These  are  comparatively  young  ones,  and  are,  I  am  afraid,  doomed  unless  something 
can  be  done  for  them.  (Dated  Dec.  4, 1902.  Unsigned,  but  in  the  files  of  the  botanical 
department  at  Hope  Garden.) 


» Home,  W.  T.    The  Bud  Rot  and  Some  Other  Coconut  Troubles  in  Cuba.    Bulletin  15,  Estacitfn 
Central  Agronomica  de  Cuba,  July,  1908. 
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I  entirely  agree  with  Mr.  Doull  that  the  disease  is  spreading  and  no  one,  so  far  as  I 
am  able  to  ascertain,  has  tried  the  other  remedies  you  suggested. 

The  disease  is  steadily  thinning  the  coconut  trees  in  and  around  the  town,  and  its 
progress  appears  more  rapid  in  the  dry  weather  than  in  the  rainy  seasons.  (J.  W. 
Gruber.  Dated  May  4,  1892,  addressed  to  W.  Fawcett  and  on  file  at  the  botanical 
department  at  Hope  Garden.) 

In  addition  to  the  investigation  of  the  disease  by  the  staff  of  the 
botanical  department  of  Jamaica,  Prof.  F.  S.  Earle,  while  on  the 
staff  of  the  New  York  Botanical  Gardens,  made  studies  of  various 
maladies  in  Jamaica,  in  1902,  and  among  others  investigated  the 
coconut  disease.  His  descriptions  of  it  correspond  exactly  to  the 
descriptions  of  the  Cuban  bud-rot.  He  came  to  the  conclusion  that 
it  is  a  bacterial  disease  without,  however,  carrying  on  any  infection 
experiments  to  prove  this.  He  reports  it  as  occurring  not  only  in 
the  extreme  western  part  of  the  island,  but  also  as  far  east  as  Port 
Antonio.  He  makes  the  noteworthy  statement  that  at  the  time  of 
his  visit  the  disease  was  attracting  little  attention. 

Mr.  W.  A.  Murrill,  also  of  the  New  York  Botanical  Gardens,  visited 
Jamaica  in  1908  and  reported  on  the  occurrence  of  the  bud-rot  in 
that  island  as  follows:^ 

December  17  I  left  [Port  Antonio]  *  *  *  and  drove  eastward  along  the  north  shore 
by  Blue  Hole  and  Priestmans  River,  and  some  distance  beyond  turned  inland  toward 
the  John  Crow  Mountains  until  the  road  became  impassable  for  vehicles,  the  trail 
continuing  to  Manchioneal.  *  *  *  Mr.  Henslow  pointed  out  trees  10  years  of  age 
that  had  been  sprayed  with  Bordeaux  mixture  for  the  bacterial  disease  of  the  bud 
which  has  wrought  such  havoc  with  the  cocoanut  in  Cuba,  the  Bahamas,^  and  else- 
where. The  treatment  has  undoubtedly  yielded  good  results,  but  the  application  of 
the  mixture  is  sometimes  a  difficult  problem. 

The  earliest  published  note  of  the  occurrence  of  any  serious  coconut 
disease  in  Trinidad  appears  to  be  a  letter  from  ^Mr.  W.  Greig  to  the 
imperial  commissioner  of  agriculture  for  the  West  Indies,  written 
June  30,  1905.  Mr.  Greig  called  the  attention  of  the  commissioner 
of  agriculture  to  the  fact  that  this  disease  was  on  the  increase  and 
thatt  according  to  the  observations  of  Mr.  August  Busck,  the  disease 
in  Trinidad  was  the  same  as  the  one  studied  by  him  in  Cuba. 

In  vSeptember,  1905,  Mr.  J.  H.  Hart,  formerly  superintendent  of 
the  Botanical  Gardens,  made  a  personal  investigation  of  La  Retraite 
estate  at  Cedros.  Here  he  found  trees  diseased  from  the  ground 
upward,  the  stem  showing  a  ring  of  red  discoloration  lying  between 
the  woody  exterior  and  the  softer  interior.  The  discoloration  became 
more  prominent  toward  the  growing  point  and  appeared  particularly 
at  the  base  of  the  leafstalks  and  at  the  base  of  the  embryonic  spathes 

1  Murrill,  W.  A.  Collecting  Fungi  in  Jamaica.  Journal,  New  York  Botanical  Garden,  vol.  10,  Feb- 
ruary, 1000,  p.  25.  ,  •«  J      T-. 

!  Mr.  Murrill's  statement  as  to  the  occurrence  of  the  bud-rot  in  the  Bahamas  can  not  be  verified.  It 
certainly  is  not  present  to  any  great  extent  on  New  Providence. 
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inclosing  the  floral  organs.  Those  all  eventually  became  putrid,  the 
leaves  fell,  and  the  tree  finality  died.  Great  quantities  of  bacteria, 
as  well  as  fungi,  were  found  in  the  affected  tissues.  Mr.  Hart  did  not 
commit  himself  as  to  the  cause  of  the  trouble,  but  forwarded  some  of 
the  material  to  the  Imperial  Department  at  Bar})ados,  whence  it  was 
sent  to  the  Department  of  Agriculture  at  Washington.  Here  the 
writer  had  the  opportunity  of  examining  it,  and  ho  is  able  to  corrobo- 
rate Mr.  Hart's  statement  that  the  growing  point  was  full  of  bacteria. 
From  the  particular  specimens  of  Mr.  Ifart's  material  which  are  now 
preserved  in  the  Laboratory  of  Plant  Pathology  at  Washington  micro- 
tome sections  have  been  made  and  these  demonstrate  clearly  numer- 
ous bacteria  in  the  tissues  and  no  signs  whatever  of  a  fungus. 

During  the  latter  part  of  July  and  the  first  of  August,  1906,  Mr. 
F.  A.  Stockdale,  then  mycologist  of  the  Imperial  Department  of 
Agriculture,  visited  Trinidad  and  investigated  the  coconut  diseases 
over  the  entire  island.  He  reported  on  the  same  district  that  Mr. 
Hart  investigated  the  preceding  year,  but  contrary'  to  Mr.  Hart  he 
found  that  the  greatest  number  of  diseased  trees  were  injured  pri- 
marily by  a  fungus  rather  than  by  bacteria.  He  investigated  two 
maladies  which  completely  destroyed  the  palms,  one  of  which  he 
called  the  "  root  disease  "  and  the  other  the  "  bud-rot. "  He  described 
the  root  disease  as  one  in  which  the  trunk  shows  a  red  discoloration 
toward  the  outside  for  a  considerable  portion  of  its  length,  while  the 
decayed  roots  and  the  petioles  are  infected  with  a  fungus  which  he 
considered  as  belonging  to  the  genus  Botryodiplodium.  Eventually, 
when  the  vitality  of  the  tree  has  been  reduced,  the  terminal  bud 
becomes  involved  in  a  soft  rot,  and  the  putrid  mass  then  falls  over  and 
the  tree  dies.  In  describing  the  bud-rot,  Stockdale  says  the  roots 
appeared  to  be  healthy  and  the  stems  showed  no  signs  of  discolora- 
tion, but  the  bud  was  involved  in  a  vile  sort  of  bacterial  rot  and  even- 
tually fell  over.  In  the  advancing  margin  of  the  rot  usually  there 
were  only  bacteria,  but  in  a  few  cases  there  was  some  fungous 
mycelium.  Mr.  Stockdale  concluded  that  the  root  disease  was  due 
to  a  fungus  and  the  bud-rot  to  bacteria.  In  no  case,  however,  did  he 
make  any  infection  experiments  to  prove  the  correctness  of  his 
theories.  According  to  his  descriptions,  the  tree  suffering  from  the 
root  disease  differs  from  that  affected  by  the  bud-rot  only  in  having 
a  discolored  trunk,  diseased  roots,  and  affected  petioles,  the  rotted 
bud  being  common  to  both  cases. 

Mr.  O.  W.  Barrett,  in  1907,  reported  that  of  the  diseased  trees  of 
the  island  about  95  per  cent  were  affected  with  the  root  disease 
reported  by  Mr.  Stockdale  and  onl}'  a  very  few  cases  were  affected  by 
bud-rot.     Unfortunately  no  notes  are  given  as  to  the  appearance  of 
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the  diseased  trees,  so  that  Mr.  Barrett's  conception  of  these  maladies 
is  uncertain. 

Dr.  A.  Fredholni  presented  before  the  agricultural  society  an  article 
published  in  March,  1909.^  He  described  a  serious  disease  in  which 
the  trunk  was  normal  and  the  roots  usually  so,  while  the  terminal 
bud  became  disintegrated  into  a  sour-smellmg,  whitish,  semifluid 
mass,  which,  when  examined  under  the  microscope,  was  seen  to  be 
swarming  with  bacteria.  The  adjacent  tissues,  out  to  the  petiole 
bases,  were  traversed  by  fungous  mycelium  which  Dr.  Fredholm 
believed  to  be  the  forerunner  of  the  bacterial  rot.  He  states  that  he 
considers  Stockdale's  root  disease  and  the  foregoing  disease  distinct, 
chiefly  for  the  reason  that  he  has  never  found  the  decay  of  the  roots 
and  the  discolored  stems  present  in  the  affected  trees  which  he  exam- 
ined. He  further  states  that  he  found  a  few  cases  of  what  was  sup- 
posedly bud-rot,  i.  e.,  a  putrid  terminal  bud  full  of  bacteria  and 
entirely  lacking  fungi.  To  substantiate  his  statements  Dr.  Fredholm 
obtained  successful  fungous  infections  (small  spots),  but  he  made  no 
bacterial  inoculations. 

^Nlr.  J.  B.  Rorer,  formerly  of  the  Laboratory  of  Plant  Pathology, 
United  States  Department  of  Agriculture,  has  been  mycologist  of  the 
Trinidad  department  of  agriculture  since  early  in  1909.  Along  with 
his  other  work  Mr.  Rorer  has  devoted  some  time  to  the  coconut  dis- 
eases and  has  given  much  attention  to  clearing  out  and  destroying 
all  diseased  trees  \\dthout  waiting  to  ascertain  the  cause  of  the  trouble. 
He  is,  however,  investigating  the  nature  of  the  various  coconut  dis- 
eases on  the  island,  and  writes  the  author  as  follows  in  a  letter  of  June 
6,  1910: 

So  far  I  have  cut  down  nearly  10,000  trees  all  told.  There  is  no  question  as  to  the 
fact  that  bud-rot  is  present  here,  and  my  main  object  is  to  keep  it  from  spreading,  as  I 
think  it  much  more  contagious  than  the  other  diseases.  It  has  killed  many  trees  at 
Toco  and  Laventille  and  is  scattered  all  about  the  southern  part  of  the  island,  but  there 
is  no  doubt  that  from  Iron  Forest  to  Cedros  the  root  disease  has  done  much  more  dam- 
age— whether  bud-rot  helps  it  out  is  another  question.  *  *  *  From  what  I  have 
seen  at  Cedros  the  root  disease  seems  to  be  distinct,  and  the  trees  may  die  from  it, 
even  if  the  bud  is  not  affected.  The  roots  are  well  rotted  before  the  tree  shows  much 
sign  of  disease.  One  of  the  main  points  to  be  determined,  it  seems  to  me,  is  whether 
or  not  the  true  bud-rot  organism  is  present  in  the  rotting  buds  of  root-sick  trees. 

As  early  as  1875  and  1876  Hon.  William  Russell  reported  to  the 
Kew  Gardens,  England,  that  considerable  damage  was  being  done  to 
the  coconut  trees  in  British  Guiana.  Outside  of  a  few  notes  in  local 
newspapers  there  have  been  few  other  reports  of  this  disease  until 
recently.  In  1906  material  was  sent  from  Georgetown  to  Barbados 
to  be  examined  by  the  mycologist  of  the  Imperial  Department  of  Agri- 

»  Fredholm,  A.  Diplodia  Disease  of  the  Coconut  Palm  (Society  paper  367).  Proceedings  of  the  Agri- 
cultural Society  of  Trinidad  and  Tobago,  vol.  9,  pt.  3,  March,  1909,  pp.  159-172. 
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culture.  He  reported  that  the  tree  was  probably  diseased  by  the 
bud-rot,  without,  however,  making  any  detailed  experiments  to 
prove  the  etiology  of  this  disease. 

Besides  the  work  done  by  the  above  stations  some  investigations  of 
the  coconut  troubles  have  been  made  by  planters  in  various  districts, 
but  no  descriptions  of  such  observations  have  been  published. 

.  INVESTIGATIONS  OF  THE  DISEASE  BY  THE  WRITER, 

In  January,  1907,  the  writer  made  a  trip  to  the  West  Indies  to  con- 
tinue the  investigation  of  the  coconut  bud-rot  begun  by  Dr.  Smith. 
In  order  to  obtain  a  thorough  knowledge  of  the  conditions  under 
which  the  disease  occurs  and  to  ascertain  whether  it  is  the  same 
malady  in  all  the  coconut  districts,  most  of  the  important  regions 
were  visited  and  studied  with  care.  In  1908  the  investigations  were 
continued  in  Cuba  throughout  almost  the  entire  year,  and  again  in 
1909  and  1910  visits  were  made  to  the  same  island. 

In  Cuba  the  coconut  industry  is  limited  almost  entirely  to  the 
Baracoa  district,  at  the  eastern  end  of  the  island  (fig.  1).  Here  the 
stretch  of  land  from  Moa,  upon  the  coast  west  of  Baracoa,  to  Yumuri, 
on  the  east,  is  devoted  largely  to  this  crop.  Coconuts  are  raised,  not 
only  on  the  coast,  but  also  1  or  2  leagues  inland,  where  they  are  often 
interspersed  with  other  crops. 

From  Moa  to  the  River  La  Lisa  there  is  at  present  no  sign  of  the 
disease.  The  trees  here  appear  healthy,  although  it  is  reported  that 
some  20  years  previous  considerable  of  this  trouble  was  experienced. 
In  fact,  one  of  the  estates  from  which  only  8,000  nuts  per  month  are 
now  gathered  is  said  to  have  produced  70,000  per  month  in  former 
times.  Between  the  River  La  Lisa  and  the  River  Duaba  the  bud-rot 
has  caused  considerable  havoc;  cases  are  common  along  the  shore 
plain,  and  also  on  the  hills  at  an  altitude  of  60  meters  or  more.  On 
the  west  shore  of  the  Duaba  it  is  widespread,  but  on  the  east  shore 
and  eastward  to  the  outskirts  of  Baracoa,  a  distance  of  H  leagues, 
cases  are  rare.  Coconut  groves  to  the  west  of  Duaba,  shoreward, 
are  in  a  neglected  condition,  and  farther  inland  trees  are  tliicldy  inter- 
spersed with  bananas,  cacao,  and  taro.  In  contrast  to  this  coconut 
groves  to  the  east  are  under  clean  cultivation  and  are  not  interspersed 
with  other  crops.  A  few  cases  appear  in  this  clean  district,  as  would 
be  expected  when  it  is  so  close  to  an  infected  area.  The  manager  of 
these  estates  says  that  in  1906  forty  trees  appeared  diseased,  but  by 
treatment  he  cured  them  all,  though  three  cases  recently  reappeared. 
In  a  large  grove  immediately  on  the  west  shore  of  the  harbor  of 
Baracoa,  on  an  estate  called  Jaiticito,  there  were  in  1908,  according 
to  the  owner,  some  60  or  more  incipient  cases,  i.  e.,  merely  the  drop- 
ping of  the  nuts  without  the  destruction  of  the  crown,  but  these  were 
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cured.     However,  investigation  of  the  grove  in  August,  1909,  and 
again  in  1910,  revealed  the  presence  of  many  more  diseased  trees. 

The  adjacent  land  to  the  south  and  southwest  of  the  harbor  of 
Baracoa  is  at  the  mouth  of  the  River  Macanagigua,  and  within  a  few 
years  past  this  land  was  completely  covered  with  groves  in  excellent 
concHtion.  It  is  now  a  scene  of  the  greatest  desolation,  many  trunks 
standing  without  their  crowns,  and  many  with  only  a  few  leaves 
remaining  upright.  Following  this  valley  inland  the  same  scene  of 
destruction  is  found.  The  slopes  and  the  summits  of  the  hills  imme- 
diately between  tliis  valley  and  that  of  the  River  Duaba  are  covered 
with  dead  or  dying  coconut  trees.  In  the  Duaba  Valley,  at  a  point 
about  9  kilometers  inland,  there  appeared  during  the  year  1907  a 
number  of  cases  of  the  disease  which  is  now  making  great  progress  in 
the  destruction  of  these  excellent  groves. 

Turning  back  to  the  harbor  of  Baracoa  one  will  see  groves  in  devas- 
tation, not  only  on  the  south  shore,  but  also  on  the  eastern  side  of  the 
valley.  Here  are  several  hundred  cases  where  there  were  perhaps 
only  two  dozen  two  years  ago.  To  the  east  of  the  town  of  Baracoa 
two  large  groves  have  been  completely  destroyed.  A  small  grove  of 
about  400  trees,  having  only  a  dozen  cases  two  years  ago,  is  now  prac- 
tically worthless,  all  of  the  trees  being  infected  if  not  destroyed. 
Still  farther  east,  along  the  River  Miel,  the  same  scene  of  destruction 
presents  itself,  there  being  a  hundred  or  more  of  the  bare  trunks  still 
standing  and  very  few  trees  with  green  crowns. 

The  inland  road  from  Baracoa  east  to  Jamal  runs  1  to  H  leagues 
from  the  coast.  It  is  well  bordered  by  coconut  groves  which  appear 
to  be  flourishing  and  show  no  signs  of  the  bud-rot.  From  Jamal 
toward  the  coast  the  disease  occurs  in  a  few  trees  among  many  good 
ones.  In  a  plantation  on  the  hillside  at  Guirito  many  of  the  trees  are 
dead  or  dying.  From  this  town  on  toward  the  coast  there  are  still 
many  good  trees,  but  at  Mata  Bay  nearly  all  the  trees  are  dead,  and 
hundreds  of  headless  tree  trunks  are  standing.  Many  with  the  yel- 
low tops  yet  remain,  but  only  a  few  have  green  crowns  and  are  bear- 
ing nuts.  This  description  a])plies  particularly  to  the  south  and 
east  of  Mata  Bay.  On  the  highlands  just  above  Mata,  at  Guandao, 
a  coconut  grove,  which  formerly  produced  12,000  nuts  a  month,  now 
produces  only  3,000.  The  trees  that  still  remain  are  all  bordering 
the  shore,  those  that  were  inland  having  been  destroyed.  This  estate 
has  been  replanted,  and  so  far  the  young  trees  are  doing  well. 

From  Guandao  to  Yumuri,  by  the  shore  road,  many  dead  or  dying 
coconut  trees  appear,  and  the  industry  is  at  present  of  little  impor- 
tance. At  the  Yumuri  River  the  land  rises  abruptly  to  a  height  of 
200  to  250  meters  to  a  broad  table-land.  About  Yumuri,  formerly 
a  good  coconut  region,  there  is  now  little  evidence  of  any  coconuts 
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over  havinoj  boon  grown.  One  league  in  toward  8a])ana  and  half  a 
league  to  the  east  a  few  dead  trees  and  a  very  few  live  ones  appear. 
Tliis  region  is  a  thriving  district,  bananas,  coffee,  and  cacao  being  suc- 
cessfully grown.  Formerly  coconuts  were  grown  here.  The  ex- 
treme eastern  end  of  the  high  mesa  is  largely  a  waste  land  and  extends 
down  to  the  seashore,  stretching  out  1;^  leagues  to  the  extremity  of 
the  island  at  Maisi.  No  crops  whatever  are  groAvn  on  this  ])lain. 
The  coconut  growing  of  importance  really  stops  at  Mata. 

On  the  coast  road  between  Mata  and  Boma  the  coconuts  appear 
to  be  tliriving.  One  continuous  grove  extends  over  the  table-land 
at  an  altitude  of  75  to  100  meters  with  almost  no  sign  of  the  disease. 
Coconut  gi'oves  here  are  notably  well  kept,  the  underbrush  being 
cleared  away  and  no  other  crops  interspersed.  The  Bay  of  Boma, 
wliich  is  midway  between  Mata  and  Baracoa,  is  bordered  by  coconut 
trees  free  from  the  disease.  The  trees  betw^een  Boma  and  the  River 
Miel,  just  on  the  outsjdrts  of  Baracoa,  were  free  from  the  disease 
until  the  present  year,  some  cases  of  its  occurrence  there  now  being 
reported. 

After  making  a  preliminary  survey  of  the  disease  in  Cuba  the 
writer  crossed  over  to  Jamaica,  traveling  all  over  the  island  to  ascer- 
tain the  extent  of  the  injury  done  by  the  bud-rot  and  to  compare  its 
symptoms  with  those  of  the  Cuban  disease.  From  the  eastern  end 
of  Jamaica  along  the  north  shore  westw^ard  and  down  to  the  south- 
west corner  is  an  almost  continuous  stretch  of  coconut  groves.  They 
are  not  by  any  means  confined  to  the  seacoast,  but  flourish  inland  6 
leagues  from  the  sea  at  an  altitude  of  600  or  more  meters.  From 
Kingston  by  rail  to  Anotto  Bay  coconut  groves  appeared  at  intervals, 
but  in  no  case  did  there  seem  to  be  any  serious  disease.  From  An- 
notto  Bay  along  the  coast  to  Port  Antonio  many  coconuts  may  be 
seen,  some  wdth  bare  trunks  and  stumps,  but  no  appearance  of  bud- 
rot.  These  stumps  are  said  to  be  the  result  of  a  destructive  hurricane 
in  1903.  Several  specimens  of  diseased  trees  wTre  examined  at  Port 
Antonio.  Two  of  these  trees  had  the  center  of  the  crown  entirely 
missing,  and  merely  a  fringe  consisting  of  the  low^r  leaves  remained ; 
these  leaves,  however,  were  still  in  their  horizontal  fresh  green  condi- 
tion. The  manager  of  the  estate  stated  that  the  cause  of  this  trouble 
was  lightning,  but  there  was  really  no  evidence  that  such  w^as  the  case. 
The  very  center  of  the  crown  was  in  a  dry-rotted  condition,  suggesting 
the  work  of  insects.  Many  of  the  trees  on  one  part  of  tliis  plantation 
were  seriously  injured  by  the  scale  insects,  and  on  another  part,  on 
a  steep  hillside,  they  appeared  to  be  suffering  from  lack  of  watel", 
judging  from  the  extreme  yellowing  of  the  leaves.  In  none  of  these 
cases  did  there  appear  to  be  any  suggestion  of  the  bud-rot. 
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According  to  the  report  of  the  planters  about  Port  Antonio,  there 
was  no  indication  of  the  presence  of  bud-rot  at  the  extreme  eastern 
end  of  Jamaica,  so  that  no  inspection  of  these  groves  was  made  at 
tliis  time  by  the  ^vriter.  A  recent  report  (p.  24)  indicates  its  presence 
in  this  district,  although  apparently  in  a  mild  form.  No  cases  were 
apparent  between  Port  Antonio  and  Annotto  Bay.  Between  An- 
notto  Bay  and  the  Parish  of  St.  James  no  disease  has  been  reported, 
but  in  the  Parishes  of  St.  James,  Hanover,  and  Westmoreland,  the 
three  extreme  western  parishes  of  the  island,  there  is  abundance  of 
the  bud-rot.  On  the  road  from  Montpelier  to  Savanna  la  Mar,  a  few 
trees  (at  Petersfield  and  Amity  Cross)  have  the  typical  appearance 
of  this  disease.  Occasional  cases  appear  at  distant  intervals  from 
Savanna  la  Mar  along  the  coast  to  Green  Isle,  and  on  to  Lucea,  also 
still  farther  to  Montego  Bay,  and,  according  to  report,  a  few  kilo- 
meters to  the  northeast  of  ^lontego  Bay.  The  disease  was  said  to 
be  very  bad  at  Negril  Point.  In  most  of  these  places,  however,  the 
diseased  trees  had  been  cut  out  and  destroyed.  In  one  grove  just  to 
the  south  of  Montego  Bay  there  were  a  number  of  typical  cases. 
Some  of  these  trees  were  cut  down  for  the  writer  and  showed  in  every 
way  the  symptoms  of  the  Cuban  disease. 

The  conditions  of  culture  in  Jamaica  are,  as  a  rule,  very  good,  in 
great  contrast  to  the  conditions  in  Cuba.  The  underbrush  is  kept  out,  - 
the  fallen  leaves  and  other  debris  are  burned  up,  and  the  planting  of 
other  crops  between  the  trees  is  little  practiced.  Bananas  are  often 
kept  running  until  the  coconuts  come  into  full  bearing,  when  they  are 
cut  out.  Thus,  in  every  way  the  Jamaican  planter  has  much  better 
conditions  under  which  to  combat  the  disease.  It  is  reported  that 
in  past  years  the  bud-rot  has  done  considerable  damage.  It  is  certain, 
however,  that  the  disease  is  now  well  under  control.  It  occurs  chiefly 
along  a  stretch  of  about  20  leagues  of  the  coast  line  and  for  the  most 
part  in  isolated  cases,  probably  not  over  50  cases  existing  at  the  time 
of  this  investigation.  In  one  grove  at  Negril  Point,  as  the  result  of 
the  neglect  of  the  trees,  the  disease  was  allowed  to  progress.  This 
was  the  only  seriously  affected  grove  in  the  district.  In  Jamaica, 
then,  the  hvd-rot  has  been  put  under  control  by  Iceeping  the  diseased 
trees  cut  down.  Wliether  or  not  some  conditions  might  arise  favor- 
able to  the  rapid  spread  of  the  infection  from  a  single  tree  it  is  im- 
possible to  say.  It  is  believed  that  the  few  planters  in  Jamaica  who 
have  the  disease  in  their  coconut  groves  do  not  cut  down  on  an  aver- 
age more  than  one-tenth  of  1  per  cent  of  their  trees  annually.  It  is  a 
question  whether  the  value  of  these  trees  could  begin  to  pay  for  any 
treatment  of  them. 

In  April,  1907,  the  writer  visited  all  of  the  coconut-growing  dis- 
tricts of  Trinidad.     The  industry-  in  this  island  is  very  extensive, 
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almost  the  entire  coast  line  on  every  side  being  given  up  to  coconut 
trees.  The  important  places  are  the  great  strip  of  land  along  the 
eastern  coast  from  ]\[anzanilla  to  ^Mayaro,  and  to  Galeota,  and  the 
entire  Cedros  Point  with  the  adjacent  sliorcs.  Bud-rot  appears  to 
have  caused  great  havoc  in  at  least  two  places.  At  Laventille,  a 
league  or  so  east  of  Port  of  Spain  and  bordering  on  the  Caroni  River, 
great  devastation  appeared.     The  accompanying  diagram   (fig.  6) 
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Fig.  6.— Diagram  showing  diseased  coconut  trees  In  Trinidad. 

illustrates  the  condition  of  one  estate  at  this  time.  As  is  here  shown, 
a  large  area  lying  between  the  present  growth  of  coconut  trees  and 
the  railroad  track  was  occupied  by  a  dense  growth  of  bushes  with  an 
occasional,  and  usually  diseased,  coconut  tree.  This  was  all  a  part 
of  one  estate,  and  formerly  the  entu-e  area  illustrated  was  covered 
with  coconut  trees  in  good  condition.  The  place  rivaled  some  of  the 
worst  in  Cuba  in  the  number  of  dead  and  dying  trees.  The  attorney 
for  the  estate  estimated  that  about  85  per  cent  of  the  trees  had  been 
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destroyed.  On  a  largo  part  of  the  plantation  the  disease  had  reduced 
the  trees  to  short  stumps;  on  other  parts  to  tall  trunks  with  no 
tops,  or  with  tops  brown  and  hanging  down,  or  consisting  of  two  or 
three  or  half  a  dozen  leaves.  Healthy  green  trees  were  few  in  number. 
A  public  road  separates  this  estate  from  one  to  the  north  on  which 
there  were  many  coconut  trees,  scarcely  any  of  which  were  affected. 
The  diseased  area  is  a  very  low,  swampy,  and  poorly  drained  place 
which  was  overgrown  with  underbrush  and  had  been  entirely  left  to 
itself  as  to  the  spread  of  the  disease  and  general  cultivation.  Water 
is  reached  at  a  depth  of  45  centimeters  and  often  less  in  the  wet 
season.  The  soil  under  the  surface  is  a  heavy,  sticky  clay.  The 
diseased  trees  had  all  the  appearance  of  bud-rot,  the  lower  leaves 
having  turned  brown  and  for  the  most  part  fallen  off,  only  a  few 
leaves  remaining  more  or  less  upright.  Some  trees  were  cut  down  and 
examined  as  to  the  exact  nature  of  the  affected  parts  of  the  cro\vn. 
The  rot  in  the  tissues  was  found  to  correspond  exactly  to  that  present 
in  diseased  trees  in  Cuba  and  in  Jamaica.  All  of  the  unliealthy  trees 
of  this  estate,  with  the  exception  of  one  or  two  in  which  very  clearly 
the  cause  was  insects  and  in  which  the  soft  rot  was  absent,  presented 
the  typical  appearance  of  the  trees  infected  with  bud-rot.  The  un- 
favorable conditions  under  which  these  palms  were  grown,  i.  e.,  in 
wet,  cla3^ey  soil,  together  with  the  fact  that  the  estate  had  been  en- 
tirely neglected  for  many  years,  undoubtedly  had  some  influence  on 
the  spread  of  the  disease.  ^Ir.  Stockdale,  in  his  report,  considered 
the  majority  of  the  trees  of  this  estate  to  be  affected  primarily  with 
what  he  calls  the  root  disease,  and  Mr.  O.  W.  Barrett,  in  his  in- 
vestigations in  1907,  confirmed  Mr.  Stockdale's  opinion,  but  this  is 
contrary  to  the  observations  of  the  writer.  It  is  sufficient  to  say 
here  that  the  disease  called  the  "root  disease"  is  very  little  under- 
stood and  has  no  proved  cause.  According  to  Mr.  Stockdale,  who 
describes  it,  very  frequently  the  crown  of  such  a  diseased  tree  becomes 
later  involved  in  a  soft  rot,  leading  one  to  think,  in  many  cases  at 
least,  that  the  root  trouble  is  secondary  and  that  the  bud-rot  or 
crown  disease  is  the  primary  one.  Careful  observations  leave  no 
doubt  that  practically  all  of  the  diseased  trees  in  this  district  are 
affected  in  their  crown  with  a  soft  rot,  the  symptoms  of  which 
are  typical  of  the  well-known  bud-rot.  This  statement  does  not  at 
all  oppose  the  idea  that  the  trunks  or  roots  of  some  of  the  trees  so 
diseased  may  contain  some  fungus,  or  other  organism  quite  dif- 
ferent from  that  which  occurs  in  the  crown,  but  not  the  cause  of  the 
bud-rot. 

iVnother  district  similar  to  LaventUle  is  at  Point  d'Or,  near  La 
Brea  and  the  Pitch  Lake.  This  estate  had  not  been  in  cultivation 
for  a  number  of  years.    Consequently  it  was  heavily  overgrown  and 
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the  malady  had  obtained  considerable  headway.  During  the  year 
1906  the  manager  had  undertaken  to  clear  up  and  eradicate  the  dis- 
ease. After  a  year's  work  he  was  of  the  opinion  that  as  fast  as  in- 
fested trees  were  cut  down  and  their  tops  burned  new  cases  appeared, 
and  he  seemed  to  have  the  prospect  before  him  of  the  entire  grove 
going  to  destruction.  In  contrast  to  the  swampy  condition  of  the 
Laventille  estate,  this  place  is  hilly  and  well  drained  and  apparently 
suitable  for  coconuts.  Close  examination  of  these  trees,  by  cutting 
down  and  opening  the  crown,  disclosed  exactly  the  same  condition  as 
that  of  the  trees  alFected  by  bud-rot  in  eastern  Cuba. 

From  Point  d'Or  southwest  coconut  groves  appeared  to  be  in 
good  condition.  At  Guapo  there  had  been  a  few  diseased  trees  that 
resembled  those  with  the  bud-rot.  As  a  matter  of  fact,  the  trunks  of 
these  trees  within  3  feet  of  the  ground  showed  a  red  discoloration,  and 
in  all  probability  this  is  what  Mr.  Stockdale  refers  to  as  the  root 
disease.  Only  three  cases  were  observed  here,  so  the  prospect  did  not 
appear  to  be  very  serious. 

From  Guapo  southward  to  the  end  of  Cedros  Point  coconuts  ap- 
peared to  be  in  good  condition,  although  it  was  reported  (1905) 
that  there  were  many  diseased  trees  at  Cedros  Point.  On  Mr.  Greig's 
estate  of  some  110,000  trees,  there  appeared  to  be  only  a  very  few 
affected  ones,  and  on  examination  of  the  trunks  these  few  showed 
the  red  discoloration  characteristic  of  the  root  disease  as  described 
by  Mr.  Stockdale.  Mr.  Hart  investigated  the  disease  in  1905  on  a 
part  of  Mr.  Greig's  estate,  and  reported  the  presence  in  the  crown  of 
the  soft  rot  swarming  with  bacteria.  The  fact  that  Mr.  Greig  kept 
his  estate  in  excellent  condition,  i.  e.,  all  of  the  diseased  trees  cut 
down  and  destroyed  and  the  fallen  leaves  and  other  debris  picked 
up,  probably  accounts  for  the  presence  of  so  few  cases.  The  question 
as  to  whether  the  bud-rot  or  the  root  disease  is  the  primary  trouble 
on  this  estate  needs  further  investigation. 

It  is  reported  ^  that  in  the  Siparia  district  and  along  the  swamp 
lands  below  Princestown  there  has  been  a  great  loss  of  coconut 
palms,  and  the  description  of  the  disease  certainly  answers  very  well 
for  the  bud-rot.  On  the  east  coast  of  the  island,  along  which  for 
almost  the  entire  length  is  a  narrow  strip  of  coconuts,  there  ap- 
peared to  be  absolutely  no  sign  of  any  serious  trouble,  the  trees  pre- 
senting a  most  healthy  appearance  and  bearing  well. 

From  these  reports  it  will  be  seen  that  wliile  the  bud-rot  has  been 
extremely  destructive  in  certain  parts  of  Trinidad,  it  must  be  noted 
that  these  parts  have  in  general  been  greatly  neglected  or  else  He 
in  low,  swampy  situations,  such  as  are  entirely  unsuitable  to  coconut 
growing. 

>  stockdale,  F.  A.    Coconut  Palm  Disease.    Trinidad  Royal  Gazette,  Feb.  14, 1907,  pp.  361-362. 
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After  investigating  the  diseased  trees  of  Trinidad  the  writer  went 
to  Demerara,  British  Guiana,  and  there,  \Ndth  the  help  of  the  former 
superintendent  of  the  Botanical  Gardens,  ^Mr,  A,  H.  Bartlett,  carried 
on  studies  of  the  disease  in  that  region.  Coconut  palnis  occur  scat- 
tered along  the  coast.  They  are  found  chiefly  on  the  islands  in  the 
mouth  of  the  Essequibo  River  and  on  the  adjacent  mainland,  and 
in  the  southern  part  of  Demerara,  near  Maliaica  and  Mahaicony. 
The  islands  of  the  Essequibo  River  are  merely  sand  drifts  which  have 
been  overgrown  with  vegetation.  These  have  been  partly  cleared 
and  on  them  coconut  palms  are  grown.  A  disease  has  been  reported 
from  this  locaUty,  and  from  a  personal  examination  of  the  trees 
externally  the  writer  is  incUned  to  think  that  it  is  the  bud-rot;  but 
the  cases  are  comparatively  few.  At  various  intervals  along  the  rail- 
way from  the  Essequibo  to  Georgetown  and  from  Georgetown  south- 
east to  Mahaicony,  which  is  largely  a  coconut  district,  there  appeared 
isolated  cases  of  what  seemed  to  be  the  same  disease.  This  entire 
coast  line  is  at  the  level  or  below  the  level  of  the  sea  at  high  tide,  so 
that  sea  defenses  are  built  and  canals  are  maintained  with  pumping 
stations  for  proper  irrigation  and  drainage  of  the  land.  Under  such 
circumstances  the  meadows  are  for  the  most  part  wet  and  partly 
under  water.  Much  of  the  land  is  too  wet  for  the  coconut  palm. 
A  considerable  number  of  diseased  trees,  some  of  which  could  be 
definitely  said  to  have  bud-rot,  were  found  at  Mahaicony.  On  one 
estate  on  which  the  soil  was  rather  heavy  and  poorly  drained  certain 
trees  were  selected  for  examination.  They  were  the  only  affected 
ones  on  the  estate.  All  of  them  showed  the  typical  conditions — the 
central  leaf  bud  dead  or  dry,  and  low  down  in  the  crown  a  typical  soft 
rot.  Insects  were  present,  to  be  sure,  as  is  usually  the  case,  but  in  no 
such  numbers  as  to  connect  them  directly  with  the  disease. 

The  coconut  industry  of  British  Guiana  is  still  on  a  rather  small 
scale,  owing  chiefly  to  the  fact  that  the  land  is  more  suitable  and  more 
valuable  for  sugar  planting.  In  1877  the  exports  amounted  to 
1,500,000  nuts,  while  now  they  are  only  500,000  per  year.  The 
presence  of  this  disease,  though  not  very  virulent  in  form,  probably 
discourages  more  planting  of  coconuts  under  conditions  which  are 
also  otherwise  unfavorable  for  their  growth,  i.  e.,  a  heavy  soil  to- 
gether with  an  excessive  quantity  of  water  present. 

The  island  of  Porto  Rico  as  one  of  our  possessions  has  been  of  great 
interest  to  us,  especially  as  no  disease  of  the  coconuts  appears  to  be 
present.  The  coconut  industry  of  the  island,  although  far  below 
the  value  of  that  of  sugar  cane  and  tobacco,  is  of  considerable  im- 
portance and  is  by  all  means  worthy  of  protection  and  extension. 
The  fact  that  the  bud-rot  disease  is  so  prevalent  in  nearly  all  the 
coconut-growing  regions   of   tropical  America,   in  regions  not  far 
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removed  from  Porto  Rico  and  in  districts  from  which  seed  coconuts 
are  sometimes  brouglit  into  this  island,  made  it  eminently  desirable 
to  prove  that  this  district  was  free  from  this  disease,  and  when  this 
was  proved,  to  ask  for  legislative  control  of  importation  of  seed 
coconuts  into  the  island.^  The  fact  that  a  former  botanist  of  the 
agricultural  station  in  Porto  Rico  and  a  former  agent  in  charge  of 
the  station  both  expressed  the  belief  that  the  disease  was  present, 
led  the  writer  to  examine  carefully  all  of  the  groves  on  the  island. 
In  investigations  which  the  writer  made  in  1907  around  almost 
the  entire  coast  and  along  the  railroads  no  cases  were  found.  The 
only  part  not  visited  at  that  time  was  between  Ponce  and  Humacao. 
More  recently,  in  December,  1910,  an  examination  has  been  made 
of  the  groves  between  Ponce  and  Guayama  and  again  between 
San  Juan  and  Barceloneta,  but  no  cases  of  bud-rot  were  found. 

In  1910  the  writer  saw  five  or  six  trees  on  the  coast  between  Anasco 
and  Corsica  which  had  very  much  the  general  appearance  of  bud-rot. 
Closer  examination  in  the  present  year  (1911)  showed  the  diseased 
tissues  to  be  somewhat  similar  to  that  of  bud-rot  but  not  typical. 
Further  studies  have  been  made  by  Mr.  G.  L.  Fawcett,  of  the  May- 
aguez  Experiment  Station,  but  the  presence  of  true  bud-rot  has  not 
as  yet  been  demonstrated. 

A  number  of  the  trees  in  various  places  appeared  to  be  in  an  un- 
healthy condition ;  leaves  were  yellowing  or  broken,  or  the  lower  ones 
had  fallen,  but  in  no  case  did  it  appear  like  bud-rot.  In  the  groves 
along  the  north  and  west  sides  of  the  island  at  frequent  intervals  trees 
were  found  from  which  lower  leaves  had  fallen,  but  the  remaining 
fronds  were  green  and  to  all  appearances  healthy,  and  in  man}^  cases 
nuts  were  still  produced.  A  number  of  trees  were  also  found  whose 
crowns  had  rotted  off  entirely.  These  trees  were  always  isolated 
cases  and  did  not  resemble  those  affected  by  bud-rot,  but  rather  sug- 
gested insect  work. 

Coconut  groves  extend  at  intervals  all  along  the  coast  (fig.  7). 
An  almost  continuous  strip  of  them  extends  eastward  from  San 
Juan  to  Loisa  and  beyond  to  Luquillo.  Thence  beyond  Cape  San 
Juan  down  the  coast  to  Naguabo  the  groves  are  very  few.  From 
Naguabo  to  Humacao  another  extensive  grove  extends  along  the 
beach.  From  Humacao  westward  to  Ponce  coconuts  are  reported 
to  be  infrequent.  From  Ponce  westward  small  groves  appear  occa- 
sionally until  the  west  coast  is  reached,  where  an  extensive  and  almost 
continuous  grove  extends  from  the  southwest  and  northward  alonfir 
the  coast  to  Mayaguez,  and  on  northward  to  AguadiUa.     This  west 


'  In  1907,  Dr.  Erwin  F.  Smith  drew  up  a  bill  for  the  Porto  Rico  Island  Legislature,  looking  to  the  preven- 
tion of  the  introduction  of  this  disease,  but  in  the  form  in  which  it  finally  passed  the  law  is  of  no  value  for 
the  protection  of  the  island.  Fortunately  the  legislature  of  1910-11  passed  a  bill  which  covers  the  ground 
quite  satisfactorily. 
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coast  has  by  far  the  most  coconut  trees  of  any  part  of  the  island. 
From  Aguadilla  along  the  north  shore  to  San  Juan  these  palms  appear 
at  intervals  in  small  groves,  but  never  in  large  numbers.  Trees  of 
these  groves  as  far  as  examined  had  no  sign  of  bud-rot,  nor  any  serious 
infectious  disease. 

The  examination  of  the  coconut  industry  in  Porto  Kico  concluded 
the  preliminar}^  survey  of  the  writer  in  regard  to  the  distribution 
of  bud-rot.  Visits  have  also  been  made  to  the  few  gi'oves  on  New 
Providence  Island  in  the  Bahamas,  and  to  small  groves  scattered 
along  the  coast  of  Colombia  and  Venezuela;  but  in  none  of  these 
districts  was  the  coconut  industry  of  any  great  importance,  nor  was 
any  very  serious  disease  found  among  them.  The  writer  has  not 
visited  southern  Florida,  but  understands  from  Prof.  P.  H.  Rolfs 
and  Dr.  E.  A.  Bessey  that  none  of  the  groves  in  that  region  have  as 
yet  shown  any  signs  of  this  disease. 
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Fig.  7.— Map  of  Porto  Rico.    The  location  of  coconut  groves  is  indicated  by  dots. 


STRUCTURE  OF  THE  COCONUT  TREE. 

In  order  to  understand  the  nature  of  the  experimental  work  on  the 
cause  and  methods  of  control  of  bud-rot  it  is  necessary  to  know  thor- 
oughly the  structure  and  arrangement  of  the  parts  of  the  coconut  tree. 
The  tree  consists  of  a  single  unbranchcd  trunk  crowned  by  a  huge 
rosette  of  leaves.  Each  of  these  leaves  at  maturity  may  be  anywhere 
from  4  to  7  meters  in  length  and  from  1  to  1.5  meters  in  width.  The 
leaf  consists  of  a  single  heavy  racliis  bearing  the  simple  pinnae.  This 
rachis,  or  leafstalk,  broadens  out  at  tlie  base  so  as  to  form  a  complete 
sheath  about  the  trunk.  (See  fig.  8,  petiole  a  broadening  out  into  a 
leaf  sheath.)  From  its  thin,  fibrous  character  the  sheath  is  commonly 
caUed  the  strainer.  Tliis  forms  a  tough,  tight  binding  about  the 
inclosed  portions.  An  average  mature  tree  has  from  25  to  30 
leaves.  The  distance  from  the  lower  leaves  of  the  under  part  of 
the  crown  to  the  center  of   the  crown,  the   base  of  the  highest 
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and  youngest  leaf,  is  from  1  to  1.5  meters  (fig.  9,  the  distance 
between  points  x  and  y).  As  leaves  appear  in  the  center  of  the 
crown  they  are  upright  and  tightly  folded,  like  a  closed  fan,  gi-ad- 
ually  opening  and  assuming  a  more  oblique  and  later  a  horizontal 
position  as  they  mature.  The  gi-eat  length  of  the  leaves  gives  them 
the  appearance  of  considerable  flcxibiUty  as  they  wave  in  the  breeze, 
but  it  is  impossible  to  bend  away  the 
central  leaves  and  get  down  any- 
where near  the  center,  this  fact  be- 
ing due  partly,  of  course,  to  the  leaf 
sheath,  and  also  partly  to  the  rigidity 
of  the  stalk.  At  the  inside  base  of 
every  leaf  is  a  flower  bud  which  en- 
larges and  splits  open,  allowing  an 
elongate  sw^ord  or  spathe  to  develop 

Fig.  8.— Diagrammatic  cross  section  of  bud  of 
the  coconut  palm  inclosed  by  some  of  the 
outer  leaf  sheaths:  a,  b,  c,  d,  e,f,  g,  h,  Succes- 
sive petioles,  each  extending  laterally  into  a 
leaf  sheath.  Immediately  adjacent  to  each 
leafstalk  is  a  sword. 

to  a  length  of  1  to  1.3  meters  (fig,  9). 
Then  the  sword  itself  splits  longitudinally 
and  allows  the  flower  spike  to  open  out 
Each  spike  bears  both  pistillate  and  stami- 
nate  flowers.  An  average  tree  will  have 
perhaps  10  spikes  of  nuts  and  a  dozen  or 
so  nuts  on  a  spike.  Usually  30  or  40  nuts 
are  set  from  a  flower  sj^ike,  but  seldom 
more  than  10  to  20  mature.  The  arrange- 
ment  of  the  crown  of  leaves  in  rosette 
fashion  furnishes  an  excellent  receptacle 
for  rain,  wliich  runs  down  and  soaks  into 
the  fibrous  sheath  and  serves  to  keep  the 
tender  growing  part  in  a  constantly  moist 
condition.  The  base  of  the  leaves  also 
serves  as  a  catchaU  for  fallen  flowers 
-forms  of  debris  which  tend  to  rot  close 
to  the  trunk.  Under  normal  conditions  there  is  no  injury,  but  under 
certain  conditions  the  debris  and  the  constant  moisture  held  in  the 
strainer  furnish  a  means  by  which  the  disease  may  pass  from  an 
innocuous  condition  among  the  hard  tissues  of  the  outer  leaves  to 
that  of  a  most  virulent  pest  in  the  inner  delicate  growing  tissues. 
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Fig.  9. — Diagrammatic  longitudinal 
section  of  bud  of  the  coconut  palm, 
including  the  top  of  the  crown:  C, 
Trunk;  ^, heart;  S,sword;  SC, sword 
sheath;  LS,  leafstalk;  R,  rachis  or 
fruitstalk. 
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The  trunk  of  the  coconut  tree  is  an  almost  uniform  mass  of  fibers . 
and  fundamental  tissue  from  the  roots  to  the  croAvn,  and  is  a  hard, 
woody  material.  The  roots  are  veiy  numerous  and  radiate  hori- 
zontally in  all  directions  from  the  tree,  extending  practically  as  far 
as  the  leaves  of  the  crown.  The  roots  are  almost  uniform  in  size, 
about  1  centimeter  in  diameter. 

The  accompanying  figures  8  and  9  are  intended  to  show  the  rela- 
tion of  the  different  parts  in  cross  section  and  in  longitudinal  section. 
It  is  difficult,  or  impossible,  to  show  all  parts  in  their  proportionate 
sizes,  but  their  relative  position  is  more  important,  and  it  is  believed 
that  this  may  be  clearly  seen.  The  cross  section  is  such  as  would 
appear  if  made  through  the  line  BB  of  the  longitudinal  section  after 
the  removal  of  the  external  leaves. 

FIELD    STUDIES    OF   THE    DISEASE. 
INFECTION    STUDIES. 

To  determine  the  infectiousness  of  the  disease  was  the  first  problem. 
That  bud-rot  was  communicable  from  tree  to  tree  was  accepted  by 
some,  but  ignored  or  disbelieved  by  others.  By  many  it  has  been 
thought  due  to  something  in  the  soil  or  to  the  climatic  conditions,  and 
various  applications  have  been  made  to  the  base  of  the  tree  in  the 
hope  of  curing  it.  Insects  eating  the  roots  and  working  in  the  trunk 
or  in  the  cro'WTi  have  also  been  considered  as  causes.  It  has  likewise 
been  claimed  that  a  mechanical  injur}^,  such  as  a  bullet  piercing  the 
tender  heart  tissues,  would  produce  a  rot  of  the  crown.  It  is  safe  to 
say  that  most  of  the  reasons  given  as  to  the  causes  were  based  on 
inaccurate  or  incomplete  observations,  together  with  a  lack  of  any 
experiments  to  substantiate  them.  The  rapid  spread  of  the  disease 
in  itself  seems  good  evidence  of  its  infectious  nature,  for  it  does  not 
stop  in  one  valley  or  one  grove,  but  frequently  spreads  over  a  hillside 
and  into  the  next  valley,  always  beginning  in  a  small  way  and  from 
that  spreading  sporadically  over  the  entire  grove.  If  the  disease  were 
due  to  soil  or  to  climatic  changes,  many  or  all  of  the  trees  would  show 
signs  of  the  rot  about  the  same  time.  It  could  hardly  be  supposed 
that  this  might  be  accounted  for  by  variation  in  individual  resistance, 
since  in  the  end  most  or  all  of  the  trees  contract  the  disease. 

Assuming  the  trouble  to  be  infectious,  it  has  been  a  mooted 
question  as  to  whether  fungi  or  bacteria  were  the  cause  of  it. 
Prior  to  1887  Dr.  Ramos,  of  Havana,  maintained  that  a  fungus 
iUredo  coccivoro)  was  the  cause.  This  has  been  upheld  by  many, 
but  by  others — notably  bacteriologists — it  has  been  disputed  a 
priori  on  the  ground  that  fungi  seldom  cause  a  putrid  fermentation 
such  as  is  to  be  found  in  the  crown  of  the  diseased  coconut  tree,  while 
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bacteria  frequently  do,  and  from  the  observations  of  Dr.  Smith  it  has 
been  seen  that  only  bacteria  are  in  the  advancing  margin  of  the 
decaying  tissues.  Moreover,  it  has  since  been  claimed  that  Uredo 
coccivoro  is  nothing  else  than  the  normal  scales  of  the  coconut  leaf.^ 

Dr.  Davalos,  of  the  bacteriological  laboratory  of  Havana,  isolated 
in  1886  what  he  claimed  to  be  Bacillus  amylohader,  which  he  believed 
was  the  cause  of  the  soft  rot.- 

Dr.  Plaxton,  of  Jamaica,  in  1891,  before  the  Institute  of  Jamaica,^ 
showed  under  the  microscope  some  slides  of  a  micrococcus  which  he 
thought  was  probably  the  cause  of  the  coconut  disease.  In  other 
parts  of  this  paper  the  writer  has  quoted  many  investigators  ascribing 
the  cause  of  the  disease  either  to  bacteria  or  to  fungi.  The  opinions 
as  to  the  cause  of  the  disease  are  so  various,  and  hence,  reasons  for 
methods  of  treatment  so  unsatisfactory,  that  it  has  seemed  eminently 
desirable  to  carry  out  a  clear  series  of  experiments  to  settle,  first,  the 
infectiousness  of  the  disease;  second,  if  infectious,  whether  due  to 
fungi  or  to  bacteria;  and  third,  if  possible,  to  isolate  the  organism 
causing  the  disease. 

BACTERIAL   INOCULATIONS. 

Owing  to  the  height  of  the  trunk  and  the  great  size  of  the  crown, 
inoculation  of  coconut  trees  is  difficult.  The  rot  is  pecuHarly  one  of 
soft  tissues,  so  that  in  order  to  be  effective  the  bacteria  must  be 
placed  in  the  interior  among  these  soft  tissues.  From  the  bottom  of 
the  crown  to  the  growing  point  there  is  commonly  a  distance  of  1  to 
1.5  meters  (fig.  9,  from  x  to  y),  so  that  the  exact  location  of  a  spot 
suitable  for  inoculation  is  hard  to  determine.  Inoculations  made 
below  the  heart  into  the  trunk  fail  to  produce  the  rot,  since  these 
tissues  naturally  soon  harden  as  a  part  of  the  mature  tree.  If,  on  the 
other  hand,  the  inoculation  be  made  above  the  heart  amid  the  grow- 
ing leaves,  their  extremely  rapid  elongation  takes  the  inoculation 
point  out  from  the  surrounding  soft  tissues.  The  inoculated  tissues 
then  become  green  and  membranous  and  thus  resist  the  advance  of 
the  rot.  The  point  of  easy  inoculation  is  less  than  0.5  meter  above  or 
below  the  growing  point,  and  rather  near  the  center  of  the  tree. 
(See  fig.  8.  Inoculation  on  line  BB  is  desirable;  moculation  on  line 
AA  would  seldom  be  successful.)    This  often  requires  an  inoculatmg 

I  Tamayo,  Dr.    La  Epifltia  de  los  Cocoteros.    Revista  de  Agricultura  (Cuba),  vol.  9, 1889,  pp.  557-8, 

570-1, 584-5.  ^  ^    ^  „.       . 

Torre,  Carlos  de  la.    La  Enfermadad  de  los  Cocoteros.    Revista  de  la  Facultad  de  Letras  y  Ciencias, 
Universidad  de  la  Habana,  vol.  2,  no.  3,  May,  1906,  p.  274. 

"-  Davalos,  Dr.    Kevista  de  Agricultura.    Boletin  Oflcial  del  Clrculo  de  Hacendados  de  la  Isla  de  Cuba, 

vol.  9,  no.  29,  1889. 
3  Plaxton,  Dr.    Journal  of  the  Institute  of  Jamaica,  vol.  1,  1891-1893,  pp.  43-41. 
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instrument  that  will  reach  at  least  30  centimeters  from  the  surface  of 
the  trunk  inward.  These  conditions  probably  account  for  the  diffi- 
culty which  different  investigators  have  had  in  obtaining  infections. 
Naturally,  the  right  organism  to  cause  the  disease  must  first  be 
obtained,  although  infection  can  probably  be  accomplished  by  using 
the  juice  of  a  seriously  diseased  tree.  The  matter  of  isolating  specific 
bacteria  is  of  course  desirable,  but  presents  greater  difficulties.  Ever 
since  beginning  the  work  the  writer  has  occasionally  obtained  excel- 
lent rots  at  the  point  of  infection  with  apparent^  different  organisms. 
It  has  been  said  that  any  mechanical  wound  of  the  heart  tissue  will 
cause  it  to  rot  and  die.  This  statement  is  proved  to  be  untrue  by  the 
check  inoculations  and  by  some  inoculations  into  the  heart  which 
failed  to  take  and  produced  no  rot  whatever. 

During  the  investigations  of  the  writer  in  various  parts  of  the  West 
Indies,  from  January  to  June,  1907,  diseased  material  was  obtained 
from  many  different  trees  affected  with  the  bud-rot,  and  bacterial 
organisms  were  isolated  from  these  tissues.  The  cultures  isolated 
consisted,  in  general,  of  two  types:  One  which  produced,  usually, 
round,  wet  shining,  white,  and  semiopaque  colonies  with  raised  sur- 
faces; and  one  (the  type  most  abundant)  which  produced  colonies  of 
very  thin  growth,  spreading  rapidly  over  the  plate  in  an  irregular 
fashion,  often  sending  out  long  radiating  branches.  This  most  abun- 
dant type  was  also  white,  wet  shining,  and  semitransparent.  Com- 
parisons were  made  of  the  cultures  obtained  from  Cuba,  Jamaica, 
Trinidad,  and  Demerara,  but  they  were  not  found  to  be  identical  in 
their  cultural  characteristics.  Notwithstanding  this,  several  of  the 
cultures  were  taken  the  following  Februar}-,  1908,  to  Baracoa,  Cuba, 
and  there  inoculated  into  apparently  healthy  trees.  Together  with 
these  cultural  inoculations  wounds  were  made  with  a  sterile  instru- 
ment to  serve  as  checks.  Table  I  gives  the  data  concerning  all  of 
these  inoculation  results. 

Table  I. — Inoculations  of  coconut  trees,  February  and  March,  1908. 


Source  of 
culture. 

Character  of  colony 
or  culture. 

Inocu- 
lation. 
No. 

Date  of 
inocula- 
tion. 

Date  of 
examina- 
tion. 

Results. 

Jamaica 

Thin,       irregular, 
white. 
..do 

151 

430 
392 
417 
189 
150 
421 
385 

151 
337 
419 
417 

Mar.  10 

Feb.  21 
Feb,  24 
Mar.  10 

...do.... 

...do.... 

...do.... 

...do.... 

Feb.  24 
do.  . 

Mar.  16 

Mar.    9 

Mar.  10 

Mar.  16 

...do.... 

...do.... 

...do.... 

...do.... 

Mar.  10 
.do 

Decided  rot;  diseased  part  cut  off  and 

the  tree  left. 
No  result;  inoculation  too  low. 

do 

Too  low;  still  a  small  distinct  rot. 

.  do 

No  external  symptoms. 

Cubs 

do         

Decided  rot;  tree  left  standing. 

....do 

Raised,  round 

Thm,      irregular, 

white. 
No  notes 

Do. 
No  result;  tree  left  standing. 
Do. 

No  infection;  inoculation  too  low. 

Demerara... 

....do 

do 

No  result. 

...do.... 
...do.... 

Mar.     9 
Mar.  10 

No  result;  too  low. 

....do 

No  external  symptoms. 
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Bacterial  Inoculation.  Showing  Destruction  of  Fundamental  Tissue  About 
Woody  Fibers  of  Coconut  Palm.  Fig.  1  .—Cross  Section.  Fig.  2.— Longi- 
tudinal Section. 
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Table  I. — Inoculations  of  coconut  trees,  February  and  March,  1908 — Continued. 


Source  of 
culture. 


Cuba: 
164. 

201. 
201. 


Character  of  colony 
or  culture. 


Juice   of  diseased 

tissues. 
do 

Juice  of  diseased 
tissues  poured 
on,  not  injected. 

Check  tree  inocu- 
lated with  sterile 
agar. 

Check;  inoculation 
hole  but  nothing 
injected. 


Inocu- 
lation 
No. 

Da  to  of 
inocula- 
tion. 

Date  of 
examina- 
tion. 

78 

Mar.     1 

Mar.  16 

408 
434 

Mar.  10 
...do.... 

...do.... 
...do.... 

15G 

P'ol).  24 

Mar.  10 

292 

...do 

...do.... 

Results. 


No  result;  inoculation  too  low. 

No  external  symptom  of  disease. 
Do. 


Absolutely  no  effect  toward  rotting  the 
tissues. 

Do. 


It  will  be  seen  from  a  study  of  the  -table  that  the  inoculations  were 
scarcely  successful  in  proving  the  bud-rot  to  be  due  to  bacteria.  It 
will  be  remembered,  however,  that  these  were  the  first  inoculations 
made  by  the  wi-iter,  and  apparently  most  of  them  were  made  in 
parts  of  the  tree  seldom  affected  by  the  bud-rot.  This  was  owing 
to  the  difficulty  of  locating  the  precise  area  suitable  for  inoculation, 
a  feature  that  has  since  been  overcome  by  rather  extended  studies. 
All  that  can  be  said  for  this  series  of  inoculations  is  that  some  of 
them,  at  least,  showed  a  rot  typical  of  the  bud-rot.  In  view  of  the 
fact  that  the  check  moculations  did  not  affect  the  tissues  in  this  way 
at  all,  it  would  seem  to  indicate  that  those  few  cases  which  had  an}'' 
rot  or  decay  were  actually  caused  by  the  organisms  inoculated, 
notwithstanding  the  fact  that  in  other  cases  certain  organisms 
injected  did  not  cause  such  a  rot.  No  material  was  obtained  from 
these  artificially  diseased  tissues  in  order  to  reisolate  the  organisms 
mjected. 

In  the  summer  following  this  series  two  more  moculations  were 
made:  On  June  22  tree  173  was  inoculated  with  a  bacterial  culture. 
Externally  it  showed  no  signs  of  infection  until  October  21.  The 
tree  was  then  cut  down  and  carefully  examined,  when  it  was  found 
that  the  entire  heart  of  the  tree  was  in  a  soft,  putrid  condition, 
typical  of  the  bud-rot.  Previous  to  inoculation  this  tree  was  bearing 
poorly,  but  not  showing  any  distinctive  signs  of  the  disease. 

Tree  No.  380  was  inoculated  on  July  22  as  follows:  AU  traces  of 
the  lower  leaves  were  cleared  away,  so  as  to  expose  as  much  as  pos- 
sible of  the  white  tissue  about  the  bases  of  the  remaining  leaves; 
then  small  pyramidal  pieces,  2  centimeters  deep,  were  cut  out, 
infected  agar  was  put  inside,  and  the  pieces  were  replaced.  Several 
of  these  moculations  were  made,  and  bandages  of  wet  cotton  were 
tied  about  the  wounds  in  order  to  maintain  a  constantly  moist  con- 
dition. On^  August  6  this  tree  was  examined  and  none  of  the  inocu- 
lations appeared  to  have  taken  effect.     Either  the  right  organism 
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was  not  used  or  the  tissue  at  the  bases  of  the  leaves  was  too  hard  to 
be  easily  infected. 

The  following  November  a  new  series  of  inoculations  was  made  in 
the  same  grove,  near  Baracoa,  Cuba.  Cultures  were  obtained  from 
four  different  trees,  and  inoculations  were  made  into  13  others. 
Just  as  in  previous  isolations  of  organisms  from  diseased  material, 
two  types  of  colonies  had  predominated — the  round  and  the  irregular, 
both  of  them  white — so  in  the  isolations  from  this  series  these  two 
types  predominated  and  both  of  them  were  used  for  the  inoculations. 
The  results  are  shown  in  Table  II. 

Table  II. — Inoculations  of  coconut  trees,  November  2  andS,  1908. 


Inocu- 

Source of 

lation 

Date  of 

Date  of 

culture. 

Character  of  colony. 

into 

inocula- 

examina- 

Results. 

Tree  No. 

tree 
No. 

tion. 

tion. 

fThin,  round,  white  . . . 
\Round,  convex,  white. 

337 

Nov.    2 

Nov.  10 

Good  rot  about  inoculation  hole. 

96 

380 

...do 

Nov.  13 

Good  soft,  white  rot. 

[Thin,  irregular,  white. 

417 

...do 

Nov.  10 

Slight  rot. 

Thin,  round,  white 

421 

...do 

Nov.  11 

Water-soaked,  discolored  area  about  in- 
oculation hole  and  soft  rot  in  tissues 

155 

below  heart. 

Thin,  irregular,  white. 

422 

...do 

...do 

Good  soft,  white  rot  about  inoculation 
hole. 

...do 

423 
248 

...do 

...do 

Nov.  13 
Nov.  17 

Do. 

(Flat,  round,  white 

(Thin,  irregular,  white. 

Extensive  soft,  white  rot. 

296 

52 

Nov.    3 

Nov.  20 

Fairly  good,  soft,  white  rot. 

Excellent  soft,  white  rot,  very  conspic- 

[  do 

78 

...do 

Nov.  17 

uous. 

..  .do 

64 

.-.do 

Nov.  19 

Inoculation  high  and  one  side  of  center; 

some  rot  in  midrib  of  leaf. 

373 

Rotmd,  convex,  white. 

153 

...do 

...do 

No  decided  rot,  but  distortion  of  tissues 
just  below  heart. 

Thin,  irregular,  white . 
Convex,  round,  white. 

189 

.do 

...do 

Excellent  soft,  white  rot. 

150 

...do 

...do 

Do. 

Table  II,  in  contrast  to  Table  I,  shows  that  many  of  these  inocula- 
tions were  successful.  Full  descriptions  omitted  from  the  table  are 
here  given: 

No.  337  was  examined  8  days  after  inoculation,  when  it  showed  rot  just  below 
the  heart  (PI.  VIII)  and  along  the  inoculation  hole  and  adjacent  tissues.  The  central 
leaves  of  this  tree  also  had  a  wet  rot  considerably  higher  than  the  inoculation,  but 
there  was  no  visible  connection  between  the  two. 

No.  380  was  examined  11  days  after  inoculation  and  showed  a  soft,  rotted  area 
about  2.5  centimeters  in  diameter,  running  the  entire  length  of  the  inoculation  hole. 
This  rot  was  the  typical  soft,  white  rot.  The  strainer  was  browned  and  rotted  over  a 
large  area  downward  from  the  inoculation  hole  (PI.  IX,  fig.  1). 

No.  417  was  examined  after  8  days  and  showed  only  a  slight  rot,  a  water-soaked 
area  about  3  centimeters  in  diameter,  which  extended  from  the  inoculation  hole; 
but  it  did  not  show  the  typical  soft,  white  decay  of  the  tissues.  The  middle  leaves 
were  also  diseased  higher  up  and  apparently  independent  of  the  inoculation. 

No.  421  was  examined  after  9  days,  and  showed  an  area  about  the  hole  very 
distinctly  water  soaked  and  discolored.     There  was  clearly  a  soft  rot  in  the  tissues 
below  the  heart  not  definitely  connected  with  the  inoculation. 
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No.  422  was  examined  after  9  days  and  the  inoculation  hole  was  found  to  be 
directly  through  the  heart  and  to  have  caused  a  good  soft,  white  rot.  The  effect  on 
the  tissues  was  not  limited  to  the  softer  ones  in  the  interior,  but  was  also  evident  on 
the  harder  tissues  of  the  strainers  and  leaf  bases. 

No.  423  was  examined  after  11  days.  The  inoculation  was  found  to  pass  immedi- 
ately below  the  heart  and  to  have  caused  an  excellent  soft,  white  rot,  which  affected 
a  considerable  area  of  the  tissues.  There  were  also  on  this  tree  numbers  of  the  leaf- 
base  spots. 

No.  248  was  examined  after  15  days,  and  the  inoculation  was  found  to  have  passed 
15  centimeters  above  the  heart  and  a  little  to  one  side.  The  excellent  soft,  white 
rot  was,  however,  spreading  rapidly  on  all  sides  and  above  as  high  as  30  centimeters 
from  the  inoculation.  The  extreme  upper  parts  of  the  leaves  were  perfectly  healthy. 
In  places  where  the  inoculation  passed  through  the  strainers  and  leafstalks  the  rot 
extended  in  areas  anywhere  from  1  to  30  centimeters  in  length;  all  of  the  tissues  within 
20  centimeters  of  the  heart  were  badly  rotted  (PI.  IX,  fig.  2). 

No.  64  was  examined  after  16  days,  and  the  inoculation  was  found  to  be  rather 
high  and  to  one  side  of  the  center.  A  very  little  rot  was  present  in  the  midrib  of  the 
outer  leaf.    All  the  other  tissues  were  not  affected. 

No.  153  was  examined  after  16  days;  very  little  sign  of  any  rot  was  present.  The 
inoculation  had  caused  a  distortion  of  the  inner  tissues,  but  no  other  noteworthy 
change. 

No.  189  was  examined  after  16  days  and  showed  a  splendid  typical  soft  rot  just 
below  the  heart.  The  affected  area  extended  for  a  distance  of  10  centimeters  above 
and  below  the  inoculation. 

No.  150  was  examined  after  16  days  and  showed  an  excellent  inoculation  which 
had  passed  but  5  centimeters  below  the  heart;  the  rot  from  it  had  passed  into  the 
heart  itself.  Toward  the  outer  side  of  the  inoculation  it  passed  through  a  young  sword 
which,  as  a  result,  had  become  rotted  and  blackened  at  the  tip  on  the  inner  tissues. 

It  thus  appears  that  the  successful  infections  were  brought  about 
apparently  by  a  variety  of  organisms.  Following  the  examina- 
tion of  these  inoculations,  material  therefrom  was  carefully  selected 
and  sterilized  on  the  outside  surfaces  so  as  to  permit  the  transfer  of 
uncontaminated  portions  into  bouUlon  tubes,  for  the  purpose  of 
pouring  plates  and  thus  isolating  the  organisms  which  were  present 
in  the  rotted  tissues.  Many  plates  were  made  and  a  variety  of 
organisms  were  isolated.  In  general  two  types  seemed  to  be  pre- 
dominant; one  type,  most  conspicuous,  was  the  round  white  colony 
with  a  raised  surface,  wet  shining,  and  semiopaque.  These  colonies 
in  the  course  of  two  or  three  days  attained,  on  a  +15  nutrient  agar, 
a  diameter  of  4  to  8  millimeters,  but  seldom  became  much  larger. 
The  other  abundant  type  was  of  thin  growth  whose  colonies  spread 
rapidly  over  the  plate,  i.  e.,  where  in  one  day's  growth  they  might 
have  a  diameter  of  2  centimeters;  in  two  days  the  growth  might  be 
5  or  6  centimeters. 

Series  of  experiments  were  made  in  the  Laboratory  of  Plant  Pathol- 
ogy at  Washington,  D.  C,  for  the  purpose  of  comparing  the  cultures 
from  the  different  trees.  Plates  of  nutrient  agar  poured  from  the 
diseased  material  showed  in  general  the  same  type  of  colon}'  as  was 
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formed  by  the  organism  used  in  the  inoculation.  Comparison  of  the 
various  cultures  showed  about  half  to  be  alike  in  their  reaction  in 
litmus  milk.  Several  of  the  organisms  were  inoculated  into  various 
vegetables,  and  in  a  few  cases  good  rots  were  obtained  in  cucumbers. 

From  this  work  it  seemed  most  probable  that  the  organism  causing 
the  bud-rot  was  the  one  which  formed  the  tliin,  very  much  branched 
type  of  colony.  Cultures  of  it  were  taken  to  Cuba  in  August,  1909, 
and  inoculated  into  various  trees.  As  wUl  be  seen  in  Table  III,  none 
of  these  cultures  had  any  effect  whatever  in  rotting  the  trees. 

At  this  time  other  isolations  were  made  from  naturally  diseased 
trees,  and  inoculations  were  made  with  these  as  indicated  in  Table  III. 

Table  III. — Inoculations  of  coconut  trees,  August  9  to  14,  1909. 


Source  of  culture. 

Character  of  colony. 

Inocu- 
lation 
into 
tree 
No. 

Date  of 
inocula- 
tion. 

Date  of 
examina- 
tion. 

Tree 
No. 

Date. 

Results. 

339... 
209... 

Nov.,      1908 
Aug.   7,  1909 

do 

fGood,  irregular,  white 
[    growth. 

Irregular,  thin 

Irregular,  thin,  white.. 

....do 

do 

442 
444 
406 
447 
331 
505 
502 

508 

507 
501 

504 
506 

503 

Xng.    9 
...do 

Aug.  10 

...do 

...do 

Aug.  12 
...do 

...do 

...do 

...do 

...do 

Aug.     4 

(') 

Aug.  25 
Aug.  23 

...do 

...do 

Aug.  25 

...do 

...do 

Aug.  24 

...do 

Aug.  25 

Aug.  26 
Aug.  24 

No  rot. 
Do. 
Do. 
Do. 
Do. 
Extensive  soft,  white  rot. 
Decided  soft,  white  rot,  but 
not   extending  much   be- 
yond inoculation  hole. 
Splendid  rot,  soft  and  white, 

along  inoculation  hole. 
Fair  rot  in  inner  sword. 

252 

Round,  convex,  white. 

firregular,  thin,  white. 
1 do 

do               

Extensive  typical  soft,  white 
rot. 

Good  soft,  white  rot. 

Splendid  rot  along  inocula- 
tion hole 

iNot  Inoculated. 

Table  III  shows  that  various  successful  infections  were  again 
made,  and  also  that  at  this  time,  as  in  the  spring  of  1908,  the  inocu- 
lations were  made  with  a  variety  of  organisms.  In  more  detail  than 
is  given  in  the  table  the  results  of  these  inoculations  are  as  follows: 

No.  505  was  examined  13  days  after  the  inoculation  and  showed  an  excellent  soft, 
white  rot  extending  a  distance  of  60  centimeters  above  the  inoculation  hole. 

No.  502  was  examined  after  13  days,  when  it  showed  a  very  soft,  white  rot  about 
the  inoculation  hole,  but  it  was  not  very  extensive. 

No.  508  was  examined  after  12  days,  when  it  showed  a  splendid  soft,  white  rot. 
The  lower  part  of  the  inoculation  hole  was  entirely  reduced  to  a  thick  white  liquid. 
One  of  the  inner  swords  was  blackened  at  the  tip  in  the  interior.  The  inoculation 
passed  3  to  4  centimeters  above  the  heart  tissues,  in  the  best  possible  place,  and  took 
effect.  The  resulting  rot  extended  about  45  centimeters  above  the  hole  and  also 
down  into  the  heart  tissues.  The  middle  leaves  of  this  tree  some  distance  above 
the  inoculation  were  in  a  perfectly  healthy  condition. 

No.  507  was  examined  after  12  days,  when  it  showed  a  fair  rot  in  one  of  the  inner 
Bwords. 
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No.  501  was  examined  after  13  days;  it  showed  an  excellent  decay  for  a  distance 
i>f  60  centimeters  above  the  inoculation  and  a  considerable  distance  below  it. 

No.  504  was  examined  after  14  days,  when  it  showed  a  good  soft  rot  extending  4 
centimeters  about  the  inoculation  hole. 

Three  other  inoculated  trees,  Nos.  601,  602,  and  603,  were  not  examined. 

Following  the  examination  of  these  inoculated  trees,  plates  were 
poured  from  the  diseased  tissue,  and  an  attempt  was  made  t<)  isolate 
the  organism  present  in  the  diseased  parts.  By  comparing  the 
predommant  organism  isolated  in  each  case  from  these  trees  with 
the  organism  inoculated  into  the  trees,  it  was  found  in  a  good  many 
cases  that  several  of  these  organisms  seemed  to  be  identical.  This 
fact  lent  encouragement  to  the  use  of  some  of  these  isolated  organ- 
isms for  reinoculation  into  another  series  of  trees.  Unfortunately, 
it  was  not  possible  at  this  time  to  carry  on  the  work  in  Cuba,  so  that 
inoculations  were  made  into  seedling  coconuts  in  the  greenhouse  at 
Washington.  These  coconuts  were  not  by  any  means  desirable  for 
this  purpose,  being  decidedly  stunted  in  their  growth,  and  in  con- 
sequence their  tissues  appeared  to  be  drier  and  more  woody  than  is 
natural  to  the  tree.  It  was  rather  to  be  expected  that  greater 
difficulty  would  be  encountered  in  producing  the  rot  in  these  seed- 
ling coconuts  than  if  the  inoculations  were  made  in  good  healthy 
trees.     Table  IV  gives  the  results  of  these  inoculations. 

Table  IV. — Greenhouse  inoculations  of  coconut  trees,  September  24  to  29,  1909. 


Source  of  culture. 
Tree  No. 


503  (N  series  only) . 
506 


505, 
508. 


Character  of 
colony. 


Thin,    white, 

irregular. 
do 


.do 
.do. 


Inocu- 
lated 
into 
tree  No. 


503  a 
506  a 

505  a 
508  o 


Date  of 
inocula- 
tion. • 


Sept  24 
Sept  29 

...do 

Sept.  24 


Date  of 
of  exam- 
ination. 


Oct.  27 
..do.... 


...do 

Oct.    16 


Results. 


A  small,  rotted  area  and  a  large 
water-soaked  area. 

Water-soaked  area  for  a  distance  of 
1  centimeter  from  Inoculation 
hole. 

Excellent  brown,  water-soaked  con- 
dition. 

Rot  extended  about  7.5  centimeters 
above  hole  and  2.5  centimeters  be- 
low it  in  inner  tissues;  typical 
soft,  white  rot  in  inner  tissues.    ■ 


The  results  of  the  inoculations,  shown  in  Table  IV,  are  not  nearly 
so  striking  as  in  the  case  of  those  made  into  the  trees  in  Cuba.  As 
has  been  brought  out  in  the  previous  discussions,  the  inoculations 
can  be  made  to  take  only  where  the  disease  is  found  to  occur  natur- 
ally— in  the  heart  tissues — and  the  heart  tissues  of  all  of  these 
sprouted  coconuts  were  very  limited.  In  each  of  these  inoculations 
the  tissues  were  well  water-soaked,  which  certainly  was  due  to  the 
presence  of  the  bacteria,  as  the  check  inoculation  failed  to  show  any 
effect  whatever.     One  inoculation  especially — that  of  508 — seemed 
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a  good  one,  extending  for  7.5  centimeters  above  the  inoculation  hole 
and  3  centimeters  below  it.  As  these  inoculations  were  made  with 
a  small  injecting  needle,  the  wound  caused  by  the  instrument  itself 
waa  very  slight. 

So  many  successful  inoculations  with  bacterial  cultures  inevitabty 
lead  one  to  the  conclusion  that  a  rot  in  the  heart  tissues  of  the  coco- 
nut palm  identical  in  every  respect  with  the  bud-rot  is  caused  by 
these  bacterial  organisms.  That  such  a  condition  is  caused  by 
mechanical  injuries  such  as  those  of  the  inoculating  instrument  is 
disproved  by  the  check  inoculations  which  produced  absolutely  no 
rot  at  all.  It  has  been  suggested  that  the  disease  was  carried  by 
means  of  the  inoculating  instrument  to  the  inner  tissues  from  affected 
outer  tissues.  The  possibility  of  this  can  not  be  denied.  It  is 
impossible  to  obtain  evidence  of  the  fact  that  the  bases  of  the  leaves 
and  swords  toward  the  interior  are  certainly  free  from  disease. 
From  the  general  appearance  of  the  tree  one  may  judge  all  its  parts 
to  be  free  or  infected,  but  this  is  the  best  that  can  be  done.  However, 
this  objection  does  not  lie  against  the  hothouse  experiments  in 
Washington,  because  the  nuts  were  obtained  from  a  disease-free 
district. 

While  this  uncertainty  may  affect  the  probability  of  these  inocu- 
lations causing  the  rot  in  individual  trees,  yet  in  view  of  the  fact 
that  the  same  organism  as  that  injected  into  the  tree  has  been 
isolated  from  the  artificially  diseased  tissues,  the  probability  seems 
greatly  in  favor  of  this  particular  organism,  or  else  it  suggests  strongly 
that  if  any  bacteria  were  already  present  in  the  tissues  and  caused  the 
infection,  they  were  of  the  same  kind  as  those  injected.  Now  that 
these  reisolated  organisms  have  been  inoculated  into  other  trees 
and  have  induced  typical  soft  rots,  from  which  the  same  organisms 
have  been  reisolated,  proof  seems  complete  that  at  least  a  certain 
kind  of  bacteria,  namely  the  kind  used  in  the  successful  inoculations 
just  described,  does  cause  the  diseased  condition  of  the  coconut 
palm  known  as  bud-rot. 

No  experiments  have  been  carried  on  to  prove  that  this  is  the  only 
organism  causing  the  bud-rot.  The  fact  that  cultures  of  apparently 
different  organisms  did  produce  decayed  tissues  certainly  suggests 
that  other  organisms  than  the  one  isolated  may  produce  the  same 
effect.  At  the  same  time  slight  differences  in  the  appearance  of 
colonies  on  agar  can  not  be  regarded  as  specific.  The  question  of 
the  power  of  other  organisms  to  produce  the  same  appearance  is  an 
interesting  one  and  undoubtedly  will  arise  again  with  further  work. 
It  seems  sufficient  for  the  present  (1)  to  have  proved  that  this  con- 
dition is  due  to  a  bacterial  infection  and  (2)  to  have  isolated  a  par- 
ticular organism  which  is  capable  of  producing  the  disease. 
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FUNGOUS   INOCULATIONS. 


It  has  been  supposed  by  some  people  that  Pestalozzia  and  Diplodia 
or  Botryodiplodium  })lay  an  important  part  in  producing  the  disease, 
since  one  or  more  forms  of  these  organisms  are  found  in  abundance 
on  the  central  rotted  leaves.     Very  frequently  brown  spots  occur  on 
the  middle  of  young  leaves  of  trees  which  are  apparently  free  from 
bud-rot,  i.  e.,  which  show  an  entire  absence  of  a  putrid  condition 
of  the  heart.     These  brown  spots  range  from  minute  ones  to  those 
5   centimeters  in  diameter,   and  they  seldom  become   larger,  but 
remain  in  a  dry  condition,  presenting  the  same  appearance  in  the 
older  and  mature  leaves.     Such  spots  are,  without  much  doubt, 
caused  by  both  Pestalozzia  and  Diplodia,  both  of  which  form  tiny 
black  pustules  in  the  center  of  a  diseased  area.     If,  as  has  been  said, 
the  spots  remain  dry,  they  seldom  cause  any  serious  damage  to  the 
leaves.     On  the  contrary,  if  bacteria  also  are  present,  causing  a  wet, 
slimy  condition,  it  is  a  beginning  of  the  bud-rot.     The  bacteria 
destroy  the  leaf  tissues  immediately  under  the  epidermis,  leaving  an 
extremely  tliin,  paperhke  covering  over  the  destroyed  parenchyma 
cells  and  the  firm  woody  cells  of   the   leaf  veins.     This   condition 
occurs  frequently  in  an  infected  region.     There  may  be  but  a  half- 
meter  of  diseased  tissue,  consisting  of  both  a  luxuriant,  black,  sooty 
covering  of  the  fungus  and  the  slimy  bacterial  growth.     This  tissue 
may  be  1  to  1|  meters  below  the  top  of  the  central  leaves  and  as  far 
above  the  heart  tissues.     The  sHmy  condition  progresses  downward 
into  the  more  fleshy  tissues,  where  it  becomes  a  typical  soft  rot.  The 
advancing  margin  of  tliis  rot  almost  never  contains  fungous  filaments 
but  swarms  with  bacteria  and  forms  the  typical  bud-rot.     The  slimy 
condition  extends  upward  only  so  far  as  it  may  have  fairly  soft  tissue 
for  food  material,  and  is  protected  by  surrounding  leaves  which 
keep  it  constantly  moist.     Higher  up  in  the  crown  where  the  leaves 
begin  to  unfold  the  tissues  are  harder  and  more  membranous  and  are 
exposed  to  the  wind  and  sunlight  which  furnish  conditions  unfavorable 
to  the  growth  of  the  bacteria.     The  fungous  infection  seldom  extends 
to  the  top  of  the  diseased  leaves,  which  turn  brown  and  dry  and  supply 
a  poor  substratum  for  the  fungous  growth.     Under  the  foregoing  con- 
ditions, when  both  fungi  and  bacteria  were  present  in  incipient  cases, 
it  was  a  puzzling  question  as  to  which  was  the  cause  of  the  diseased 
condition.     In  a  number  of  trees,  however,  the  middle  leaves  were 
affected  with  the  fungous  spots  alone,  and,  as  previously  mentioned, 
it  may  be  seen  that  either  fungi  or  bacteria  may  be  the  first  present. 
It  is  probable  that  germination  and  growth  take  place  best  in  the 
presence  of  unusually  moist  conditions  among  the  tightly  packed 
middle  leaves  or  on  some  of  the  frequent  droppings  of  the  tree  frogs, 
lizards,  and  various  insects  which  are  found  present  in  such  places. 
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The  scale  insects,  as  well  as  cockroaches,  earwigs,  ants,  and  other 
insects,  may  cause  small  mechanical  injuries  that  give  the  fungus 
foothold.  In  order  to  determine  whether  the  fungus  was  infectious 
small  pieces  of  seriously  diseased  tissue  were  loosely  bound  with  wet 
cotton  over  the  sHghtly  scratched  surface  of  some  leaves,  quite  low 
down,  where  the  tissues  were  just  turning  green.  After  six  days  the 
trees  were  examined  and  the  two  leaves  which  had  been  so  thor- 
oughly wrapped  as  to  remain  moist  were  infected,  while  those  which 
had  dried  out  were  not.  On  one  of  them  a  typical  fungous  infection 
extended  3  centimeters  beyond  the  inoculation  and  on  another  for 
the  distance  of  8  centimeters  beyond  the  wounds.  The  four  other 
inoculations  showed  no  growth,  the  inoculation  material  itself  having 
dried  out,  which  rendered  infection  impossible.  While  this  was  but 
an  incomplete  experiment,  carried  on  in  a  small  way,  the  flourisliing 
condition  of  the  fungus  on  the  tissues  of  the  two  infected  leaves 
would  indicate  that,  given  proper  conditions  of  moisture  on  slightly 
diseased  or  wounded  tissues,  the  fungus  would  make  good  growth. 
The  fact,  however,  that  these  two  successful  cases  did  not  advance 
further  and  did  not  develop  into  the  sUmy  condition  and  progress 
downward  into  a  soft  rot  tends  to  prove,  if  any  proof  is  necessary, 
that  the  soft-rotted  condition  in  bud-rot  is  not  caused  by  the  fungus. 

SPREAD    OF   INFECTION. 

For  the  spread  of  disease  caused  by  a  parasitic  organism  some 
carriers  of  the  infection  are  essential.  The  bud-rot  has  been  shown 
on  foregoing  pages  to  be  due  to  a  bacterial  organism  and  in  some  of  the 
pages  that  follow  it  is  demonstrated  to  be  due  to  a  particular  organism. 
The  means  of  spreading  the  infection  from  tree  to  tree  has,  however, 
not  been  ascertained.  It  has  been  claimed  by  some  that  wind  is  the 
chief  means  and  by  others  that  insects  play  an  important  part. 

The  arguments  in  favor  of  wind  are  based  largely  upon  the  obser- 
vations that  the  distribution  of  the  infection  is  sometimes  in  the  direc- 
tion of  the  prevailing  wind.  This  condition  appears  to  be  true  in  some 
cases,  but  unfortunately  for  the  argument  the  cases  are  quite  as 
common  in  which  the  spread  is  against  the  Avind.  Not  only  this,  but 
the  new  infections  are  more  sporadic  than  would  be  expected.  The 
disease  occurred  in  Baracoa  Harbor,  serious  first  on  the  south  side,  and 
from  there  spread  to  the  east  side,  skipping  over  a  group  of  several 
hundred  trees.  This  spread  was  off  to  one  side  of  the  usual  course 
of  the  wind.  On  the  west  side  of  Baracoa  Harbor  there  is  a  large 
estate  which  covers  both  sides  of  a  small  hill,  on  the  one  hand  facing 
the  sea  and  the  breezes  and  on  the  other  hand  away  from  the  sea  and  in 
the  direction  of  the  vdnd.     The  disease  has  been  on  the  windward  side 
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for  at  least  the  last  three  years,  but  is  only  at  present  beginning  to 
be  serious  on  the  leeward  side. 

Considering  the  examples  as  a  whole,  it  seems  difficult  to  find  a 
definite  case  of  the  spread  of  the  infection  in  any  one  direction.  The 
most  favorable  example  for  this  theory  is  that  of  the  condition  of  the 
groves  in  the  Macanagigua  Valley  and  toward  El  Yunque — that  is,  to 
the  south,  nearly  in  the  direction  of  the  prevailing  \vind.  The  disease 
spread  from  the  valley  to  the  hilltop  inland  and  then  crossed  the  hill- 
top and  has  since  gone  a  few  miles  farther  south  into  the  valleys. 
Even  this  is  not  a  clear-cut  exaihple,  as  a  closer  study  of  it  reveals. 
As  already  stated,  a  careful  study  was  made  of  one  grove  in  this  region 
during  the  year  1908-9.  Figure  10  shows  the  condition  of  the  grove 
on  March  10,  May  28,  August  5,  and  October  21,  1908.  The  lower 
right-hand  side  of  each  section  of  the  diagram  represents  the  wind- 
ward side  of  the  grove.  Section  a  shows,  however,  that  there  are 
more  healthy  trees  standing  on  that  side  than  on  the  leeward  side, 
represented  on  the  diagram  by  the  upper  left-hand  corner.  The 
straight  horizontal  dash  indicates  diseased  trees  that  have  been  cut 
down  or  destroyed.  In  sections  c  and  d  it  will  be  seen  that  the  lee- 
ward side  is  almost  destitute  of  standing  trees,  either  diseased  or 
healthy.  It  mil  further  be  found  that  there  are  many  trees  repre- 
sented in  the  lower  left-hand  corner  that  have  become  diseased  and 
that  are  somewhat  to  the  windward  of  the  first  lot.  Perhaps  the 
most  striking  thing  shown  by  the  diagram  is  the  sporadic  nature  of 
the  spread  of  the  infection.  It  seems  difficult  to  attribute  this  to 
wind. 

An  entirel)^  different  argument  and  one  opposed  to  the  idea  of 
wind  as  the  distributor  of  the  germ  is  the  nature  of  the  infection. 
The  diseased  tissues  consist  of  a  soft,  wet  rot  in  the  heart  of  the 
crown  and  surrounded  by  the  hard  tissues  of  the  leaf  bases  and 
sheaths.  It  is  difficult  to  conceive  of  the  wind  getting  at  such  a 
location  and  blowing  about  moist  bits  of  tissue.  It  is  true  that 
many  forms  of  bacteria  are  carried  about  in  the  air,  but  they  are  forms 
that  are  able  to  withstand  considerable  desiccation  and  are  usually, 
if  not  always,  sporulating  forms.  The  organism  causing  bud-rot  is 
not,  so  far  as  known,  a  spore  former  and  can  not  mthstand  sufficient 
drying  to  permit  of  its  being  blown  about  like  so  much  dust. 

In  contrast  to  the  idea  of  %vind  as  a  disseminator  of  the  germs  is 
the  belief  of  many  that  insects,  or  birds,  or  some  form  of  animal  life 
is  responsible  for  this  trouble.  If  this  were  the  case,  the  spread  of 
the  infection  would  occur  in  just  such  a  sporadic  manner  as  shown 
in  figure  10,  sections  a  to  d.  As  seen  in  the  field  the  evidence  all 
tends  to  point  in  this  direction.  If  the  insects  that  may  carry  the 
disease  are  flying  forms,  it  would  explain  the  occasional  apparent 
6389°— Bui.  228—12 4 
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spread  of  the  disease  in  the  direction  of  the  wind.  The  kind  of 
insect  or  animal  Ufe  responsible,  however,  is  not  yet  determined. 
A  great  variety  of  forms,  as  described  on  other  pages,  has  been 
found  in  the  tops  of  both  diseased  and  healthy  trees.     In  the  infected 
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Fig.  10.— Diagrams  showing  the  progress  of  the  bud-rot  in  a  coconut  grove  at  Baracoa,  Cuba,  from 
March  10  to  October  21, 1908.  The  four  sections  of  the  diagram  indicate  the  condition  of  the  grove  on 
the  dates  specified. 

tissues  themselves  are  usually  found  in  abundance  larvae  of  flies  and 
ear^vigs.  In  some  very  deep  portions,  even  where  it  was  difficult  to 
imagine  the  possibility  of  access  to  flies  or  other  insects,  numerous 
larvte  occur. 
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It  seems  most  likely,  in  the  face  of  all  this,  that  insects  are  the 
carriers.  In  view  of  the  fact  that  they  are  found  so  commonly  on 
diseased  tissue  it  seems  very  possible  that  they  might  carry  off  some 
•  organism  either  attached  externally  to  their  bodies  or  legs,  or  taken 
internally  in  the  cpurse  of  feeding  and  subsequently  excreted  upon 
healthy  tissues.  With  the  exception  of  fly  larvas,  earwigs  are  the 
most  common  insects.  Some  of  these  were  collected  from  diseased 
tissues,  carefully  washed  for  20  seconds  in  mercuric  chlorid  (1:500), 
then  rinsed  in  water  and  placed  in  tubes  containing  Dolt's  medium 
(p.  79).  The  insects  were  well  crushed  in  the  tubes  so  that  any 
bacteria  from  the  digestive  tract  would  come  in  contact  wdth  the 
medium. 

Transfers  were  made  in  Washington  from  these  tubes  (eight  in 
number)  to  beef  bouillon,  and  an  attempt  was  made  to  isolate  the 
coconut  organism.  Plates  poured  from  four  out  of  the  eight  tubes 
showed  among  many  a  few  colonies  resembling  the  coconut  organ- 
ism. Transfers  from  each  of  the  four  plates  to  litmus  milk  gave  the 
typical  reaction.  Transfers  from  the  litmus  milk  to  nitrate  bouillon, 
to  fermentation  tubes  with  neutral  red,  to  gelatin,  and  to  Dunham's 
solution,  likewise  gave  the  reaction  of  the  coconut  organism.  Thus, 
this  investigation  of  the  insects,  while  much  too  incomplete  for 
proof,  indicates  that  the  disease-producing  organism  may  be  found 
in  the  intestines  of  earwigs;  and  such  being  the  case,  these  insects 
may  be  at  least  partly  responsible  for  the  distribution  of  the  disease.^ 

It  seems  possible  also  that  turkey  buzzards  may  be  responsible 
for  carrying  the  disease  germ  from  tree  to  tree.  These  birds  are 
found  in  all  the  tropical  localities  where  the  bud-rot  occurs,  and 
they  may  commonly  be  seen  in  diseased  trees.  That  they  feed  on 
the  infected  tissues  is  uncertain,  but  it  seems  probable  that  they 
do.  Such  tissues  have  a  very  bad  odor — at  times  it  reminds  the 
writer  strongly  of  an  abattoir — and  it  is  likely  that  they  are  attracted 
by  it.2  It  does  not  seem  improbable  that  such  birds  may  feed  on 
the  material  or  at  least  get  some  of  the  organisms  on  their  feet,  after 
which  it  is  an  easy  matter  to  spread  the  infection.  In  the  hope  of 
ascertaining  the  probability  of  the  coconut  organism  occurring  in 
the  digestive  tract  of  these  buzzards  some  of  the  fresh  dropping  was 
placed  in  tubes  of  Dolt's  medium.  Several  plates  were  made,  t^^'ice 
for  each  of  the  several  bouillon  tubes.  In  every  case  a  small  pro- 
portion of  the  resulting  colonies  appeared  to  be  the  coconut  organ- 

1  In  one  of  the  last  trees  cut  down  at  Yumuri,  Dr.  Smith  found  two  larvae  in  the  rotting  bud  not  far  from 
the  sound  tissues.  These  larvae  were  of  a  gray  color  and  probably  similar  ones  had  been  overlooked.  They 
were  put  into  a  clean  petri  dish  and  brought  to  Washington.  On  the  way  they  pupated  and  later  one  of 
them  passed  into  the  imago  state  and  was  identified  by  Mr.  Coquillett  as  Hermetia  illudens  L.,  a  common 
scavenger  fly  of  the  Tropics. 

2  Dr.  Smith  states  that  twice,  at  Baracoa,  buzzards  swooped  down  on  the  rotted  hearts  of  palms  he  had 
laid  aside  for  study  and  would  have  carried  the  material  off  if  he  had  not  made  a  frantic  rush  to  protect  it. 
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ism.  From  these  colonies  transfers  were  made  to  litmus  milk,  which 
in  every  case  reddened  the  litmus  and  coagulated  the  milk  and 
subsequently  became  partially  bleached  as  in  the  true  coconut  organ- 
ism. Transfers  were  made  from  these  litmus-milk  tubes  to  fer- 
mentation tubes  containing  peptone,  dextrose,  and  neutral  red,  and 
in  every  case  the  typical  greenish-yellow  reaction  took  place  in  the 
closed  arm  of  the  tubes  and  gas  was  produced,  usually  the  ordinary 
amount,  though  in  one  series  of  tubes  it  ran  as  high  as  70  to  90  per 
cent.  Transfers  were  also  made  from  the  litmus  milk  to  nitrate 
bouillon,  and  tests  after  48  hours'  growth  at  32°  C.  showed  a  reduc- 
tion of  the  nitrate  in  every  case.  Similarly,  transfers  from  the  nitrate 
bouillon  to  beef  gelatin  + 15  kept  in  the  thermostat  at  37°  C.  for 
48  hours  and  afterwards  placed  in  an  ice  box  to  harden,  failed  to 
show  any  liquefaction  of  the  gelatin.  Cultures  of  these  organisms 
in  Dunham's  solution  when  tested  for  indol  showed  a  good  pink 
reaction. 

Thus,  in  all  these  tests  certain  bacteria  responded  to  the  usual 
tests  for  the  coconut  organism.  The  proportion  of  this  organism 
to  the  total  amount  found  in  the  dejecta  of  the  buzzard  was,  however, 
small. 

In  the  tops  of  palms  rats  have  frequently  been  found  as  well  as 
other  animal  life,  but  it  does  not  appear  likely  that  these  serve  as 
carriers  of  the  disease.  An  attempt  was  made  to  isolate  the  coconut 
organism  from  excreta  of  rats,  but  without  success. 

It  will  be  seen  in  the  following  pages  that  the  organism  causing  bud- 
rot  is  Bacillus  coli,  or  at  least  an  organism  indistinguishable  from  it. 
This  organism  is  one  that  has  been  known  for  a  long  time  as  being 
of  almost  universal  distribution  and  one  that  is  commonly  found  in 
the  intestines  of  man  and  some  of  the  lower  animals.  The  wide- 
spread distribution  of  Bacillus  coli  would  seem  to  coincide  with  the 
widespread  occurrence  of  the  bud-rot,  for,  as  described  on  other 
pages,  a  disease  identical  with  this  appears  to  occur  in  almost  all 
parts  of  the  tropical  world.  If  Bacillus  coli  is  to  be  found  in  so 
many  countries  and  is  the  cause  of  bud-rot,  how  is  it  that  there  are 
any  regions  free  or  apparently  free  from  this  disease?  Tliis  is  a 
question  that  naturally  arises,  and  one  that  does  not  lend  itself  to 
an  easy  solution.  To  illustrate  this:  Bacillus  coli  is  shown  to  be  the 
cause  of  the  coconut  bud-rot  in  Cuba,  but  this  disease  does  not 
appear  to  occur  in  Porto  Rico.  Bacillus  coli  undoubtedly  occurs  in 
Porto  Rico  but  docs  not  cause  the  coconut  disease.  Why  is  it  that 
the  organism  that  causes  the  disease  in  one  locality  does  not  cause 
it  in  another  when  it  is  present  ?  A  plausible  explanation  is  in  the 
supposed  absence  of  the  particular  carrier  of  the  infection  in  these 
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regions  where  the  disease  does  not  occur.^  As  there  is  no  complete 
evidence  for  or  against  tliis,  the  question  must  for  the  present  remain 
unsettled.  An  explanation  might,  however,  be  sought  in  consid- 
ering what  passes  for  Bacillus  coli  as  a  group  of  organisms,  the  mem- 
bers of  which,  while  alike  in  the  usual  cultural  characters,  possess 
var3nng  pathogenic  properties.^  The  only  other  possible  explana- 
tion is  a  difference  in  the  soil  or  climate.  The  necessary  evidence  to 
support  such  a  theory  is,  however,  entirely  lacking. 

'An  earwig  similar  to  or  identical  with  the  Cuban  species  has  been  found  by  the  writer  in  Porto 
Rico,  but  the  turkey  buzzard  is  either  entirely  absent  or  at  least  rare  on  that  island. 

2  Since  this  statement  was  written  Daniel  D.  Jackson  has  published  a  very  instructive  paper  (Journal  of 
Infectious  Diseases,  March,  1911,  pp.  241-249)  in  which  he  maintains  Bacillus  coli  to  be  a  group  of  related 
species,  divided  by  him  as  follows:  B.  cummunior  (Durham),  B.  communis  (Escherich),  B.  acrogenes 
(Escherich),  B.  acidi-lactici  (Hueppe).  The  first  two  species  are  separated  from  the  second  two  by  their 
gas  production  with  dulcit  and  the  first  of  each  of  these  two  groups  may  be  separated  from  the  second  by 
its  gas  production  with  saccharose. 

Each  of  these  species  may  be  separated  into  four  possible  varieties  in  accordance  with  their  gas  produc- 
tion with  mannit  and  raflinose.  Tliree  varieties  each  of  the  first  and  fourtli  species  are  now  known,  two 
varieties  of  the  third,  and  all  four  possible  varieties  of  the  second  group  have  been  found. 

In  a  diagram  21  varieties  of  Bacillus  coli  are  given,  four  of  which  are  as  yet  unknown. 

Bacillus  communioT  (Durham). — Variety  Ai:  Fermentation  with  gas  production  with  dextrose,  lactose, 
dulcit,  saccharose,  mannit,  and  raffuiose;  milk  coagulated,  nitrate  reduced,  motile,  and  indol  positive. 
Variety  A2:  Fermentation  the  same  as  Ai;  motile,  reduces  nitrate;  differs  from  Ai  in  not  producing  indol. 
Variety  B:  Ferments  with  gas  production  with  dextrose,  lactose,  dulcit,  saccharose,  and  mannit,  but 
forms  no  gas  with  raffinose.  Also  distinguished  by  no  coagulation  in  milk  even  after  heating  and  by  slow 
formation  of  gas  in  dulcit.  This  latter  test  usually  takes  three  days  for  the  gas  formation  to  become  active. 
Motile,  indol  positive,  nitrate  reduced.  Variety  C:  Fermentation  with  gas  production  with  dextrose, 
lactose,  dulcit,  saccharose,  and  raffinose;  forms  no  gas  with  mannit;  milk  coagulated,  nitrate  reduced,  motile, 
and  indol  positive. 

Bacillus  communis  (Escherich). — Variety  A:  Fermentation  with  gas  production  with  dextrose,  lactose, 
dulcit,  mannit,  and  raffinose;  no  gas  formation  with  saccharose;  motile,  indol  slight,  nitrate  reduced. 
Variety  B:  Fermentation  with  gas  production  with  dextrose,  lactose,  dulcit,  and  mannit;  no  gas  produc- 
tion with  saccharose  and  raffinose;  milk  coagulated,  nitrate  reduced,  motile,  and  indol  positive.  This 
appears  to  be  the  most  common  variety  of  B.  communis.  Variety  C:  Fermentation  with  gas  production 
with  dextrose,  lactose,  dulcit,  and  raffinose;  no  gas  production  with  saccharose  or  mannit;  nitrate  reduced, 
indol  positive,  motile.  Variety  D:  Fermentation  with  gas  production  with  dextrose,  lactose,  and  dulcit; 
no  gas  production  with  saccharose,  mannit,  or  raffinose;  nitrate  reduced,  indol  positive. 

Bacillus  aerogenes  (Escherich).— Variety  Ai:  Fermentation  with  production  of  gas  with  dextrose,  lactose 
saccharose,  mannit,  and  raffinose;  no  gas  production  with  dulcit;  indol  positive,  nitrate  reduced,  motility 
negative;  viscous  growth  on  agar  and  in  lactose  bile;  in  the  latter  it  can  be  drawn  out  into  a  long,  thin  string. 
Variety  As:  Fermentations  the  same  as  Ai;  motile,  indol  negative,  nitrate  reduction  positive;  differs 
from  Ai  in  being  less  viscid  or  stringy  when  touched  with  the  needle;  in  being  motile,  and  indol  negative. 
Variety  A3:  Fermentations  and  all  tests  with  one  exception  same  as  Aj;  liquefies  after  26  days;  differs 
from  As  in  being  slightly  liquefying  in  gelatin  stab  after  about  26  days.  The  total  gas  and  percentage  of 
CO2  is  high  when  grown  in  dextrose  brotli  and  particularly  in  liver  broth.  This  species  has  been  at  times 
grouped  with  B.  cloacae  (Jordan),  l>ut  the  former  never  fails  to  produce  gas  with  lactose,  while  typical 
B.  cloacae  apparently  always  gives  negative  results,  when  dextrose-free  lactose  solutions  are  used.  Another 
marked  distinction  is  that  true  B.  cloacae  after  rejuvenating  is  always  strongly  liquefying,  while  B.  aero- 
genes A3  never  liquefies  before  20  days,  even  after  careful  rejuvenation  over  long  periods.  Variety  Bi: 
Forms  gas  with  dextrose,  lactose,  saccharose,  and  mannit,  but  no  gas  with  dulcit  and  raflBnose;  nonmotUe, 
indol  negative,  nitrate  reduced;  viscous  growth  on  agar  and  in  lactose  bUe.  May  be  dra^\•n  out  into  a  thin 
string  by  using  a  platinum  needle.  Variety  Bs:  Differs  from  Bi  in  being  motile,  indol  positive,  and  non- 
viscous  in  lactose  bUe. 

Bacillus  acidi-lactici  (Hueppe).— Variety  Ai:  Fermentation  with  gas  production  with  dextrose,  lactose, 
mannit,  and  raffinose;  no  gas  production  with  dulcit  and  saccharose;  nonmotile,  indol  positive,  nitrate 
reduction  positive.  Variety  As:  Fermentation  same  as  Ai;  indol  positive,  nitrate  reduction  positive; 
differs  from  Ai  in  being  motile.  Variety  B:  Fermentation  with  gas  production  with  dextrose,  lactose, 
and  mannit;  no  gas  production  with  dulcit,  saccharose,  or  raffinose;  milk  coagulated,  nitrate  reduced, 
motile,  and  indol  positive.  Isolated  by  Melia  in  nine  strains  from  human  feces.  Often  exceeding  in 
numbers  all  other  varieties  of  bacteria  in  feces.  Variety  D:  Gas  production  with  dextrose  and  lactose; 
no  gas  production  with  dulcit,  saccharose,  mannit,  or  raffinose;  indol  positive,  nitrate  reduced. 
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While  it  appears  probable  from  the  studies  of  the  WTiter  that 
insects  are  the  carriers  of  infection,  it  is  still  of  the  utmost  importance 
that  this  matter  be  ascertained  definitely. 

REMEDIAL    AND    PREVENTIVE    EXPERIMENTS. 

In  the  early  part  of  this  work  the  writer  had  before  him  as  the 
picture  of  bud-rot  the  conception  most  general  among  planters  and 
investigators,  that  of  a  soft-rotted  condition  of  the  bud.  Almost  at 
a  single  glance  one  could  state  definitely  that  a  tree  in  such  a  diseased 
condition  had  no  hope  of  being  cured  either  by  indirect  or  direct 
methods.  The  single  growing  point  of  the  tree  being  rotted,  there 
was  no  power  within  the  tree  to  produce  another  growing  point. 

In  order  to  ascertain  if  the  disease  did  not  attack  other  tissues 
before  getting  into  the  heart  or  growing  pomt,  the  writer  repeatedly 
ascended  many  trees  to  the  summit,  and  there  made  careful  observa- 
tions on  the  condition  of  the  central  leaves  during  the  course  of  a 
year,  as  has  been  noted  on  other  pages. 

A  month  or  so  after  the  first  examination  it  was  observed  in  some 
cases  that  trees  which  had  been  free  from  rot  m  the  center  became 
badly  diseased.  It  commonly  happened  in  such  trees  that  one  or 
more  flower  spikes  just  opening  revealed  dark-browTi  wilted  tips. 
Trees  were  also  found  with  these  discolored  flower  spikes  and  with 
healthy  central  leaves.  This  condition  suggested  the  idea  of  remov- 
ing the  one  diseased  spike  and  watching  further  development.  This 
was  done,  as  shown  in  the  following  record: 

Tree  No.  96. 

March  7,  1908:  The  tree  had  5  spikes  of  nuts  and  1  good  sword  visible  from  the 
ground. 

May  28:  Nine  fairly  good  spikes  and  two  good  swords  were  found. 

June  8:  Same  condition. 

June  25:  There  were  9  spikes,  bearing  about  100  nuts,  and  4  good  swords.  One 
spike  mth  nuts  just  set  showed  dark-brown  water-soaked  tissue  at  its  base — the  only 
sign  of  disease  in  the  tree.  The  middle  leaves  were  healthy.  The  diseased  spike 
and  the  adjacent  tissues  were  cut  out.  Owing  to  the  compactness  of  the  leaf  bases 
and  their  strainers  at  the  base  of  the  crown  it  was  impossible  to  say  (hat  the  infec- 
tion may  not  have  been  carried  to  other  parts.  No  satisfactory  means  of  disinfecting 
the  whole  crown  was  at  hand. 

July  21:  One  of  the  green  swords  had  become  brown  and  dead.  Six  of  the  nut 
spikes  were  empty. 

July  24:  Of  the  100  nuts  on  June  25  there  remained  about  40.  Removed  by  prun- 
ing the  dead  sword  and  all  of  the  spikes  having  no  nuta,  together  with  their  subtending 
leaves.  In  all,  cut  off  19  leaves  and  10  spikes.  There  were  left  7  good  leaves  and 
2  green  swords.     The  central  leaves  were  still  healthy. 

Augusts:  No  change. 

October  21:  The  two  swords  as  well  as  the  middle  leaves  were  brown  and  dead. 
There  was  a  soft  rot  in  the  heart  tissues. 
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Similar  conditions  were  noted  and  followed  through  their  course  of 
development  in  numerous  other  cases.  Each  time  it  was  made 
reasonably  certain  by  careful  examination  that  there  was  no  disease 
of  the  middle  leaves,  and  then  all  of  the  lower  infected  leaves  and 
spikes  were  removed,  one  by  one,  and  the  trees  left  standing.  In 
the  course  of  a  few  weeks  the  outermost  flower  spikes  and  swords 
which  had  been  left  in  an  apparently  healthy  green  condition  now 
became  discolored  and  wilted.  These  were  removed  and  only  green 
ones  left.  This  was  repeated  until  finally  in  every  case  a  typical  rot 
appeared  in  the  central  leaves  and  quickly  penetrated  to  the  heart, 
thus  killing  the  tree.  In  all,  21  trees  were  pruned  through  a  series 
of  months,  as  described  above,  and  in  each  case  the  disease  finally 
lodged  in  the  central  leaves.  These  experiments  seem  to  furnish 
good  evidence  as  to  the  origin  and  course  of  the  infection.  Although 
no  inoculations  have  been  made  to  prove  it,  yet  in  no  other  way  can 
the  condition  be  interpreted  than  that  the  water-soaked  spots  at  the 
base  of  the  leaves  and  the  black  wet^rot  of  the  strainer  is  the  pre- 
cursor of  the  central  bud-rot  (PI.  X,  figs.  1  and  2).  Microscopic 
studies  of  the  water-soaked  spots,  showing  numerous  bacteria,  confirm 
this  idea. 

With  this  evidence,  then,  as  to  the  course  of  the  disease,  the  ques- 
tion as  to  remedies  or  preventives  can  be  studied  with  a  more  thorough 
understanding  of  the  conditions. 

EEMEDIE8. 

When  it  was  found  that  the  disease  often  first  occurred  at  the 
inner  leaf  bases  and  gradually  passed  to  the  central  leaves  it  was 
hoped  that  some  application  might  be  made  to  the  crown  that  would 
destroy  the  incipient  infections. 

If  the  leaf-base  spots  and  external  strainer  rot  could  be  removed 
before  the  rot  had  penetrated  to  the  deeper  tissues  there  seemed  some 
hope  of  success.  The  methods  of  accomplishing  this  have  been 
varied.  To  remove  the  diseased  tissues  at  the  base  of  the  leaves  the 
writer  resorted  to  pruning.  As  mentioned  in  previous  paragraphs, 
21  trees  were  treated  in  this  way.  It  appeared  impossible,  however, 
to  remove  all  of  the  infection.  The  germs  could  pass  through  the 
strainer,  and  they  might  have  been  present  in  the  tissues  without 
showing  any  sign  of  rot.  For  that  reason  it  was  difficult  to  tell  how 
much  to  prune.  Cutting  off  merely  the  diseased  area  did  not  seem 
efficient.  As  many  as  15  to  20  leaves  could  be  removed — leaving 
5  or  6 — without  seriously  injuring  the  tree.  To  carry  this  further 
would  so  weaken  the  crown  that  the  ffi'st  strong  wmd  would  blow  it 
over  entirely.     In  this  work,  as  carried  out  by  the  writer,  the  trees 
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remained  undiseased   at  the  heart  from  one  to  three  months,  but 
eventually  they  all  succumbed. 

In  contrast  to  the  plan  of  removing  infected  parts,  other  experi- 
ments were  carried  out  to  counteract  the  progress  of  the  disease.  It 
was  hoped  that  by  applying  certain  chemicals  the  affected  tissues 
would  be  poisoned,  or  perhaps  cauterized.  Planters  in  various 
regions  have  applied  salt,  iron  sulphate,  Bordeaux  mixture,  etc.,  to 
the  crown,  presumably  with  this  idea  in  mind.  The  writer  tried 
salt,  copper  sulphate,  and  Paris  green,  but  here,  as  in  spraying  to 
destroy  the  insects,  it  was  found  impossible  to  reach  all  of  the  in- 
fected portion.     The  experiment  with  these  chemicals  progressed  as 

follows : 

Tree  No.  24G. 

February  26:  It  bore  9  spikes  of  nuts  and  2  good  swords.    Appearance  healthy. 

March  11:  Same. 

May  28:  Same. 

June  22:  There  were  a  dozen  fallen  rotted  nuts. 

July  6:  From  the  ground  1  flower  spike  appeared  just  opened  and  much  dis- 
colored; also  1  dead  unopened  sword.  There  were  5  spikes  bearing  several  20- 
centimeter  nuts,  7  or  8  spikes  higher  up  having  no  nuts,  a  discolored  opened  spike,  a 
dead  sword,  and  5  or  6  healthy  swords.  The  middle  leaves  at  the  top  were  slightly 
discolored  and  a  trifle  soft  rotted.  These  tips  were  cut  off  and  3  of  the  green  swords 
and  central  leaves  also,  for  the  piirpose  of  opening  up  the  center.  About  30  imma- 
ture nuts  were  on  the  ground.  The  tree  was  badly  diseased,  atlhough  the  rot  had  not 
yet  reached  the  heart.  One  kilogram  of  salt  was  placed  about  the  base  of  the  dis- 
eased leaves  and  upper  spikes. 

July  21:  A  few  more  nuts  had  dropped;  otherwise  no  change. 

August  6:  Tree  was  cut  down  for  examination.  The  salt  had  no  visible  effect  upon 
the  tissues,  and  certainly  had  none  in  stopping  the  progress  of  the  disease.  The  rot 
had  not  reached  the  heart  tissues,  and  all  of  the  young  leaves  were  turning  green. 

Tree  No.  390. 

March  11:  Eight  spikes  of  nuts  and  one  good  sword. 

May  28:  Same. 

June  16:  Same. 

July  6:  Showed  one  flower  spike  just  opened,  the  tips  chocolate  brown  in  color,  and 
drooping;  showed  another  just  opening  and  the  tip  chocolate  brown;  2  swords.  There 
were  3  spikes  of  large  nuts  and  5  or  6  spikes  above  just  dropping  their  smaller  nuts. 
The  middle  leaves  appeared  healthy.  One  kilogram  of  salt  was  placed  about  the  base 
of  the  upper  leaves. 

July  21:  Had  dropped  all  of  its  large  nuts;  otherwise  no  change. 

August  6:  All  spikes  were  empty  and  leaves  were  much  yellowed. 

October  21 :  Three  dead  opened  flower  spikes;  middle  leaves  turning  yellow; 
hopelessly  diseased. 

Thus,  in  this  case  also,  the  salt  had  absolutely  no  effect  in  retarding 
the  progress  of  the  disease. 

A  similar  experiment  was  carried  on  with  the  use  of  copper  sulphate 
crystals,  the  idea  being  to  poison  the  diseased  areas.     It  was  not 
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believed  that  the  copper  sulphate  would  affect  seriously  the  woody 

tissues  with  which  it  would  come  in  contact.     Two  trees  showed  the 

following  conditions : 

Tree  No.  286. 

March  11:  Nine  spikes  of  nuts  and  good  open  flower  spike. 

May  28:  Same. 

June  6:  Practically  the  same. 

June  29:  Appeared  unheallhy. 

July  G:  Had  dropped  15  immature  nuts;  5  spikes  of  few  nuts;  and  above  were  5  or 
6  spikes  of  no  nuts;  3  good  swords  and  good  middle  leaves.  Placed  1  kilogram  of 
copper-sulphate  crystals  at  the  bases  of  the  leaves.  Rains  were  so  frequent  that  the 
crystals  were  soon  dissolved. 

July  21:  Showed  1  open  discolored  flower  spike. 

August  6:  Only  2  nuts  and  many  empty  spikes  on  tree;  a  dead  flower  spike, 
opened  some  time  ago,  and  1  just  opening. 

October  21:  Central  leaves  bent  over  dry  and  dead;  swords  dead;  many  empty 
spikes;  all  leaves  yellow. 

Tree  No.  288. 

March  11:  Sixteen  spikes  of  nuts  in  good  condition. 

May  28:  Eleven  spikes  of  nuts  and  3  good  swords. 

June  10:  General  appearance  unhealthy. 

July  6:  Middle  leaves  healthy  and  numerous;  the  second,  third,  and  fourth  swords 
from  center  were  good;  fifth  and  sixth  diseased.  The  seventh  and  outermost  sword 
was  good;  the  next  outward  and  the  adjacent  spikes  were  also  good.  The  10  or  15 
other  spikes  had  no  nuts.     The  lower  leaves  were  yellow. 

July  21:  Showed  from  the  ground  a  dead  sword  and  also  2  dead  leaves.  Applied 
1  kilogram  of  copper  sulphate  directly  to  the  base  of  the  leaves. 

August  8:  Very  yellow;  only  1  green  sword  left;  the  tree  apparently  very  far  gone. 

October  21:  Middle  leaves  bent  over,  dry,  and  dead;  all  the  remaining  leaves  yellow. 

Thus  from  the  application  of  copper  sulphate  no,  good  result  was 
obtamed. 

Two  trees  treated  with  Paris  green,  another  poison,  progressed  as 
follows : 

Tree  No.  102. 

March  7:  Seven  spikes  of  nuts  and  1  good  open  flower  spike,  also  1  good  sword;  an 
excellent  tree. 

May  28:  Thirty-six  fallen  green  nuts,  9  spikes  of  nuts,  and  2  good  swords. 

June  8:  Practically  the  same. 

July  8:  About  40  fallen  'mmature  nuts;  8  good  spikes  of  nuts;  3  spikes  with  no  nuts 
above  the  others;  1  good  '  ^en  flower  spike  on  one  side  and  1  bad  open  flower  spike 
on  the  diseased  side;  2  goi  ^  swords  and  the  middle  leaves  were  healthy.  About  250 
grams  of  dry  Paris  green  a'  ^re  applied. 

July  21:  Only  8  nuts  left  on  4  spikes;  a  dead  sword  just  breaking  open;  1  green 
sword  visible;  all  leaves  green  and  healthy.  Removed  1  spike  with  13  3-centimeter 
nuts,  1  spike  with  6  8-centimeter  nuts,  1  spike  with  1  15-centimeter  nut,  1  spike  with 
1  20-centimeter  nut,  1  spike  with  1  5-centimeter  nut,  and  7  spikes  with  no  nuts.  The 
bases  oi  the  spikes  and  of  the  leaves  were  well  covered  with  water-soaked  areas  both 
on  the  upper  side  and  on  the  lower  side  of  the  leaf  base  and  spike  base.  This  tree 
was  treated  with  Paris  green,  but  the  spots  on  the  under  side  could  not  be  caused  by 
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arsenic  poisoning,  as  they  were  out  of  reach  of  the  Paris  green.  Spotting  was  very 
abundant.  What  could  cause  such  a  wholesale  spotting  at  such  places  is  a  puzzling 
question.  One  sword  and  five  leaves  were  left,  and  the  middle  ones  besides.  The 
outermost  leaves  had  perfectly  clear,  undiseased,  outside  bases;  but  up  toward  the 
strainer  were  a  few  water-soaked  spots.  On  the  last  leaf  cut  off  a  water-soaked  area 
appeared  as  though  following  the  distribution  of  the  Paris  green. 

August  5:  The  tree  remained  about  the  same;  1  green  sword  was  visible. 

October  21:  The  outer  sword  was  dead,  and  the  middle  leaves  were  also  dead.  The 
upper  part  of  the  crown  was  broken  and  blown  over. 

Tree  No.  105. 

March  7:  Eleven  good  spikes  of  nuts;  an  excellent  tree. 

May  28:  Same. 

June  9:  Had  14  fallen  immature  nuts. 

July  8:  About  35  fallen  immature  nuts;  7  spikes  holding  a  few  large  nuts;  above 
were  about  12  spikes  bearing  no  nuts.  All  the  small  ones  had  fallen.  The  outermost 
sword  was  dead,  brown,  and  unopened.  There  were  4  green,  healthy  swords.  The 
middle  leaves  were  healthy.  The  tree  had  a  crown  of  over  20  leaves,  the  lowermost 
circle  of  which  was  turning  yellow.  Applied  about  250  grams  of  dry  Paris  green  at 
the  base  of  the  leaves  and  below  the  good  spikes. 

July  21:  There  were  4  spikes,  1  brown  sword,  2  green  swords,  and  3  pendent  brown 
leaves.    The  lower  leaves  were  yellow. 

August  5:  The  central  leaves  were  dry,  bent  over,  and  dead.  The  tree  hopelessly 
diseased. 

The  treatment  witli  Paris  green  offers  no  results  different  from  the 
others.  All  applications  failed  to  check  the  disease.  Undoubtedly 
the  criticism  will  be  made  that  there  is  great  possibihty  of  the  poison 
having  hastened  the  progress  of  the  disease,  but  no  direct  evidence 
appears  to  support  such  a  supposition.  The  poison  had  no  definite 
effect  on  the  tissues  with  which  it  came  in  immediate  contact.  It  is 
probable  that  the  cutinous  covering  of  the  epidermis  prevented  to 
a  large  extent  the  corrosion,  which  might  be  expected.  Moreover, 
the  disease  on  those  trees  on  which  the  experiments  were  made  did 
not  progress  any  faster  than  on  adjacent  untreated  trees  of  which  full 
records  have  been  kept.  It  must  be  borne  in  mind  that  the  appHca- 
tion  of  these  poisons  was  made  rather  to  note  the  effect  than  with  any 
hope  of  curing  the  disease.  Such  treatments  have  been  made  by 
planters  in  various  districts,  and  the  experiment  was  made  to  ascer- 
tain what  possible  effect  was  to  be  expected.  In  the  light  of  the 
knowledge  of  the  arrangement  of  the  leaves  at  the  base  of  the  crown, 
it  is  beUeved  to  be  a  physical  irapossibihty  for  external  apphcations 
to  reach  the  parts  affected  by  the  disease  without  at  the  same  time 
seriously  injuring  the  healthy  tissues.  It  is  thought  that  these  appli- 
cations might  serve  partly  to  arrest  the  progress  of  the  infection — to 
render  the  condition  of  development  less  suitable — but  it  is  certain 
that  they  could  not  absolutely  check  it. 

High  hopes  have  been  entertained  of  another  treatmert,  that  of 
the  so-called  flaming.     So  far  as  public  records  go  this  treatment  was 
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first  used  in  Jamaica  and  subsequently  adopted  in  Cuba.  The  method 
consists  in  sotting  fire  to  the  crown,  either  by  Hghting  the  (hy  pendent 
leaves  or  by  the  addition  of  coal  oil.  It  is  desired  to  create  consider- 
able heat  in  and  about  the  base  of  the  crown  and  not  in  the  central 
leaves  nor  among  the  upper  green  leaves.  The  writer  made  no  ex- 
periments with  this  method  as,  after  the  studies  on  the  arrangement 
of  the  crown  leaves  and  experiments  with  the  external  treatment 
of  other  kinds,  it  was  considered  to  have  no  practical  value.  More- 
over, an  examination  of  the  results  of  such  treatment  carried  out  by 
several  investigators  and  by  planters  led  to  the  same  conclusion. 

The  conclusions  reached,  after  carefully  examining  different  trees 
treated  by  various  workers  and  watching  the  progress  of  many  trees 
so  treated  during  a  period  of  a  year,  are  as  follows : 

From  the  arrangement  of  the  crown  it  is  impossible  for  the  heat  to 
penetrate  into  the  inner  tissues  in  sufficient  degree  to  dry  out  the 
diseased  portion  without  seriously  affecting  the  growing  part  of  the 
crown.  Any  flaming  whatever  will  destroy  the  lower  leaves  and  all 
the  nuts,  so  that  even  if  the  tree  is  not  killed,  at  least  a  year's  crop  is 
destroyed.  The  scorching  of  the  leaves  and  the  charring  of  the  trunk 
so  kills  the  superficial  tissues  as  to  permit  the  rain  to  soak  in  and  a 
subsequent  rot  to  take  place.  It  has  been  contended  by  some  people 
applying  this  treatment  to  their  trees  that  there  was  subsequent 
recovery  from  the  disease,  at  least  to  the  extent  of  flower  spikes  open- 
ing out  and  setting  nuts.  It  should  be  noted,  however,  that  the  tree, 
while  retaming  the  disease,  may  send  forth  new  flower  spikes  and 
nuts  for  a  period  of  at  least  a  year  after  infection  has  taken  place 
without  any  treatment  having  been  appHed.  The  writer  possesses 
records  of  individual  trees  which  show  this.  In  many  trees  flamed 
the  disease  progressed  subsequently  so  that  it  presented  to  the  writer 
no  evidence  of  the  value  of  this  treatment.  As  a  diseased  tree  is  cer- 
tain to  die  if  not  treated,  there  can  be  no  error  in  flaming  it;  but  to 
try  this  method  with  healthy  trees  in  the  expectation  of  warding  ofl' 
infection  is  not  advisable,  because  (1)  there  is  no  evidence  that  the 
treatment  would  succeed,  and  (2)  there  is  the  certamty  that  the  tree 
would  be  seriously  injured  in  a  way  that  would  make  it  more  sus- 
ceptible to  infection. 

PREVENTIVES. 

In  order  to  prevent  the  spread  of  the  disease,  it  is  necessary  to  de- 
stroy its  source,  or  its  means  of  transmission,  or  the  conditions  favor- 
able to  its  development.  The  absolute  destruction  of  diseased  trees, 
a  careful  watch  for  the  newly  infected  cases,  and  their  immediate 
removal  has  done  much  to  prevent  greater  loss  in  various  regions. 
In  Jamaica  it  is  chiefly  owing  to  this  care  that  the  bud-rot  is  not 
widespread.     In  some  districts  in  Cuba  care  has  enabled  the  planters 
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to  maintain  successful  plantations,  while  in  other  districts  neglect  of 
the  trees  has  led  to  their  entire  destruction. 

In  1908  the  Government  of  Cuba  appropriated  $14,000  to  assist 
in  eradicating  the  disease.  Owing  partly  to  the  failure  to  come  to  an 
agreement  as  to  the  method  of  work  and  partly  to  the  lack  of  some 
one  well  enough  acquainted  with  the  disease  to  oversee  the  project, 
nothing  has  as  yet  been  accomplished.  Investigators  themselves 
are  by  no  means  agreed  as  to  the  best  method  of  eradication.  The 
common  practice  at  present  is  to  cut  down  the  diseased  tree  and,  after 
heaping  dry  leaves  about  the  crown,  to  set  fire  to  it.  This  is  fahly 
satisfactory  except  that  the  fallen  trunk  forms  an  objectionable  ob- 
stacle and  serves  as  a  breeding  place  for  many  insects.  Another 
method  recommended  is  to  bury  the  diseased  top  with  quicklime. 
Burial  presents  a  task  too  difficult,  if  one  takes  as  much  of  the  crown 
as  is  necessary  to  destroy  all  of  the  infected  parts.  Other  disinfect- 
ants have  been  recommended  for  application  to  the  crown  as  it  lies  on 
the  ground,  but  none  of  these  have  much  value,  owing  to  the  difficulty 
of  penetrating  to  the  center  of  the  decayed  parts.  Personally,  the 
writer  is  of  the  opinion  that  the  crown  should  be  cut  off  as  the  tree 
stands  and  then  destroyed.  This  plan  presents  no  such  obstacles  as 
may  on  the  face  of  it  appear,  and  it  has  the  added  advantage  that  the 
crown  can  be  entirely  burned,  leaving  no  debris  to  litter  the  ground  or 
furnish  breeding  places  for  insects.  The  bare  trunk  left  standing 
would  serve  as  a  breeding  place  for  insects  to  only  a  very  limited  extent, 
since  it  would  remain  fairly  dry  and  exposed  to  all  the  sunlight  and 
wind — conditions  very  different  from  those  existing  when  the  trunk  lies 
on  the  damp  ground  in  the  grass  and  rotting  leaves.  To  be  sure,  to  fell 
the  tree  is  much  the  easier  method  of  procedure,  but  the  other  way 
takes  only  30  minutes  or  less  with  the  proper  tools.  A  native  can 
ascend  the  tree  in  his  bare  feet,  and  with  his  machete  or  cutlass  quickly 
lop  off  aU  the  leaves  close  down  to  the  heart.  If  the  rot  extends  below 
the  heart,  it  would  be  advisable  to  pour  over  its  surface  a  pint  or  so  of 
coal  oil  and  then  set  fire  to  it.  The  writer  has  himself  ascended  trees 
15  or  20  meters  high  by  the  aid  of  an  electrician's  climbers  and  then 
removed  the  leaves  with  a  small,  sharp,  hand  ax.  When  a  planter 
has  only  a  half-dozen  or  two  dozen  trees  to  destroy,  tliis  method  seems 
to  be  far  the  best,  because  it  leaves  the  ground  free  from  any  large 
obstacles.  If,  on  the  other  hand,  several  hundred  or  a  thousand 
diseased  trees  are  to  be  destroyed  as  soon  as  possible,  it  may  be  desir- 
able to  feU  the  trees  and  then  burn  the  tops,  afterwards  obtaining  a 
two-wheeled  rig  to  draw  the  logs  to  one  side  of  the  grove  where  they 
may  be  placed  in  a  heap  and  made  the  center  of  a  fire,  or  covered  with 
lime  or  heaped  over  with  earth.  The  expense  of  this  work  would  be 
excessive  for  a  few  trees,  but  in  the  case  of  many  it  most  certainly 
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would  be  advisable  to  carr}'^  it  out.  As  a  matter  of  fact  it  would  pay 
a  planter,  planning  to  cut  down  any  great  number  of  trees,  to  girdle 
each  tree  at  1  to  lA-  meters  from  the  ground  so  as  to  allow  the  trunk 
to  dry  out.  Then  when  it  is  felled  it  can  be  made  into  very  serviceable 
timber  for  use  on  the  plantation.  It  is  worthless  for  use  in  any  con- 
stantly moist  situation,  but  is  very  valuable  for  siding  or  beams  in 
sheds  and  makes  especially  beautiful  pillars. 

Besides  destroying  all  sources  of  infection,  it  is  desirable  to  reduce 
to  a  minimum  the  number  of  insects  visiting  the  tree.  It  has  not  yet 
been  proved  that  insects  are  a  means  of  infection,  yet  their  great 
abundance  in  diseased  trees  leads  one  to  think  that  they  may  play  an 
important  part  in  distributing  the  germs.  It  is  very  rare  not  to  find 
some  insects  present  in  an  affected  crown.  The  ones  most  commonly 
found  are  the  earwigs  ^  (Pyragra  huscki  Caud.  and  Anisolabis  janei- 
rensis  Dohrn),  occurring  in  the  damp,  rotted,  and  fungus-infected 
part  of  the  central  leaves  some  distance  above  the  heart.  These  same 
species  or  closely  allied  ones  have  been  found  by  the  writer  in  the 
diseased  trees  in  Cuba,  Jamaica,  Trinidad,  and  British  Guiana.  There 
have  been  a  few  cases,  however,  when  these  forms  could  not  be  found, 
so  that  they  can  not  be  given  the  entire  blame.  A  few  cockroaches  ^ 
(LeucopJiaea  surinamensis  L.,  Blahera  fusca  Brunn.,  and  Periplaneta 
australasiae  Fab.),  are  very  commonly  present  in  and  about  damp, 
decaying  portions.  Ants  may  often  be  found  in  great  numbers,  even 
forming  a  nest  in  the  crown.  A  few  beetles,"  such  as  Lioderma  quad- 
ridentatum  Fab.,  Cydonotum  jiavicorne  Muls.,  Ischyrus  flavitarsis  Lac, 
and  Lioderma  devium  Muls. ;  and  weevils  ^  (RJiynchopTiorus  palmarum 
L.)  occur,  but  seldom  in  abundance.  In  the  midst  of  the  moist,  rot- 
ten parts  of  the  tissues  centipedes,  tree  frogs,  lizards,  small  snakes, 
and  rats  may  very  frequently  be  found.  Although  it  has  not  been 
proved  that  insects  carry  the  disease,  it  would  seem  advisable  in  a 
seriously  infected  district  to  place  about  the  trees,  a  meter  from  the 
ground,  bands  of  cloth  10  centimeters  wide,  soaked  in  coal  tar,  which 
wiU  prevent  the  ascent  of  the  tree  by  any  forms  of  crawling  insects. 
When  it  is  known  that  rats  or  any  of  the  larger  animals  frequent  the 
tops  of  the  trees  of  any  grove  it  would  pay  to  put  a  band  of  galvan- 
ized iron  about  the  tree,  some  15  centimeters  wide  and  about  H  meters 
from  the  ground.  Themannerof  destroying  insects  already  in  the  crown 
of  the  tree  and  any  flying  insects  that  may  come  to  it  is  more  difficult. 
In  the  hope  of  reducing  the  number  to  a  minimum  the  writer  undertook 
to  spray  a  small  grove  during  the  course  of  a  year.  The  experimental 
work  was  carried  on  at  a  grove  about  3  kilometers  from  Baracoa, 
which  could    be  reached  only  by  traveling  over  an  extremely  rough 

*  Identified  by  Mr.  A.  N.  Caudell,  of  the  Bureau  of  Entomology. 
2  Identified  by  Mr  E.  A.  Schwarz,  of  the  Bureau  of  Entomology. 
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road  and  fording  a  river.  The  grove  itself  was  full  of  underbrush, 
fallen  leaves  and  logs,  and  contained  some  low,  marshy  places  as  well 
as  high,  dry  ground. 

Under  such  conditions  it  was  deemed  inadvisable  to  use  an  ordinary 
orchard  sprajang  outfit,  as  it  would  be  much  too  cumbersome  to  move 
about.  A  2i-horsepower  gasoline  engine  and  a  pump  with  a  2^-uich. 
cylinder  were  mounted  on  a  four-wheeled  truck  only  large  enough  to 
hold  the  apparatus.  The  supply  tank  was  a  200-Uter  barrel,  mounted 
on  two  wheels  and  drawn  by  hand.  Fifty  meters  of  9.5  millimeter 
5-ply  hose  was  taken  along  and  in  addition  a  two-cylmder  hand 
pump.  The  proposed  plan  was  to  apply  a  mixed  germicide  and 
insecticide  to  the  crown.  In  lieu  of  some  apparatus  to  raise  the  spray 
to  the  required  height — anywhere  up  to  an  average  of  20  meters  and 
an  occasional  height  of  30  or  40  meters — it  was  decided  to  ascend  the 
tree  in  person,  carrying  the  hose,  and  then  apply  the  spray  to  the 
crown.  With  the  use  of  iron  climbers  and  leather  belt  the  wnter 
found  it  possible  to  do  this  easily  up  to  18  meters,  and  with  difficulty 
up  to  20  or  25  meters.  Above  that  height  it  was,  for  all  practical 
purposes,  impossible,  owing  to  the  weight  of  the  hose. 

In  starting  this  work  it  was  first  necessary  to  clear  out  the  under- 
brush and  much  of  the  debris  littering  the  ground  in  order  to  get  about 
with  the  sprapng  apparatus.  The  entire  grove  of  145  trees  was  then 
sprayed.  It  was  possible  to  ascend  a  tree,  spray  it,  and  descend  in 
about  15  minutes.  An  average  of  about  20  trees  per  day  was  the 
usual  result.  The  grove  was  sprayed  once  in  February  and  March, 
again  in  June,  and  a  thkd  time  in  August,  1908.  A  visit  to  the  grove 
was  made  in  November,  but  it  was  too  badly  diseased  to  make  another 
spraying  of  any  value.  The  following  data  will  give  an  idea  of  the 
results  of  the  spraying;  or,  perhaps  more  accurately,  shows  the  prog- 
ress of  the  disease  in  the  grove  during  and  after  the  application  of  the 
spraying  solution,  which  consisted  of  4-6-50  Bordeaux  mixture  con- 
taining Paris  green,  1  part  in  3,000: 

Table  V. — Record  of  conditions  of  coconut  trees  sprayed  in  1908. 


Date  of  inspection. 


Feb.  18 
Mar.  11 
May  28. 


Number  of  trees. 


Newly- 
diseased. 


35 
35 
23 


Healthy. 


145 
145 
122 


Date  of  inspection. 


Aug.  5. 
Oct.  21. 
Nov.  20. 


Number  of  trees. 


Newly 
diseased. 


64 
68 
25 


Healthy. 


58 

45 

6 


This  record  of  the  steady  spread  of  the  infection  during  the 
progress  of  the  spraying  is  distinctly  against  any  practical  value 
for  such  work.     It  may  be  said,  however,  that  there  were  conditions 
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which  render  the  inference  to  be  derived  from  these  experiments  not 
at  all  so  conclusive  as  it  would  appear.  It  is  important  to  inquire 
whether  many,  if  not  all,  of  the  trees  which  eventually  became 
diseased,  may  not  have  been  infected  before  the  spraying  began. 
As  has  already  been  shown  (p.  54),  the  infection  may  be  present  in 
the  crown  of  a  tree  and  not  visible  externally.  And,  further,  the 
solution  applied  did  not  adhere  evenly,  but  tended  to  run  together 
and  cohere  in  patches.  When  the  spray  was  applied  to  the  coconuts 
the  solution  would  invariably  run  down  to  the  under  side,  where  it 
would  diy  on  in  drops.  These  facts  were  not  particularly  prejudicial 
to  the  use  of  the  spray,  for  it  was  intended  and  desired  to  soak 
thoroughly  only  the  strainer  and  the  tissues  at  the  base  of  the  leaves. 
The  foregoing  data  show  that  the  spraying  did  no  good  in  preventing 
the  spread  or  development  of  the  disease,  but  there  is  no  definite 
means  of  determining  the  number  of  insects  destroyed.  From 
examining  many  of  the  trees  in  the  crown  during  the  course  of  the 
year  it  seemed  evident  to  the  writer  that  the  insects  were  materially 
reduced,  as  there  were  practically  none  in  the  crown  during  the  fall, 
with  the  exception  of  ants,  of  which  there  were  as  many  as  ever. 

LABORATORY  AND  GREENHOUSE  STUDIES  OF  THE  DISEASE. 

It  has  been  shown  in  earlier  paragraphs  that  bacterial  organisms 
are  able  to  produce  a  rotted  condition  in  the  heart  of  the  crown  of  the 
coconut  tree  identical  with  the  condition  in  the  typical  bud-rot 
disease  as  found  in  the  field.  It  has  been  shown,  also,  that  certain 
organisms  apparently  alike  were  originally  isolated  from  a  typically 
diseased  tree;  several  cultures  of  these  were  inoculated  into  other 
coconut  trees,  and  from  the  successful  infections  apparently  the 
same  organism  was  reisolated;  that  a  number  of  these  latter  cultures 
were  inoculated  into  other  coconut  plants,  and  after  producing  suc- 
cessful infections  the  same  organisms  apparently  were  again  reisolated. 
In  the  process  of  isolation  from  the  diseased  tissues  manj^  plates 
were  poured,  and  from  these  numerous  agar-tube  transfers  were 
made.  Not  all  of  the  tubes  from  any  one  inoculation  proved  to  be 
identical,  but  the  greater  number  turned  out  to  be  so.  Of  all  the 
cultures  in  the  successful  inoculations  there  were  two  which  originally 
came  from  the  same  naturally  diseased  tree  and  went  through  the 
same  process  of  inoculation,  isolation,  reinoculation,  and  reisolation 
in  different  trees,  and  appeared  in  preliminary  tests  to  be  identical 
in  almost  every  case.  Other  cultures  appeared  similar  in  their 
reaction  in  several  tests,  but  these  were  not  compared  at  any  great 
length.  The  two  original  cultures  were  compared  with  two  cultures 
from  the  inoculated  trees  and  two  cultures  of  those  isolated  from  the 
reinoculated  trees.     These  six  cultures  were  used  to  make  rather 

228 


64  HISTORY   AND   CAUSE   OF   THE   COCONUT   BUD-EOT. 

extensive  studies  of  the  identity  of  the  organism  inoculated,  isolated, 
reinoculated,  and  reisolated,  and  for  convenience  are  designated 
in  the  culture  work  as  coconut  Nos.  1,  2,  3,  4,  5,  and  6.  By  the  work 
described  in  the  following  paragraphs  the  identitj^  of  the  organisms 
in  these  six  cultures  has  been  determined  and  consequently  the 
particular  organism  which  causes  the  disease  is  ascertained.  In  the 
course  of  the  work  such  a  close  similarity  of  the  coconut  organism 
with  Bacillus  coli  was  observed  that  comparison  of  the  two  organisms 
was  made  in  most  of  the  cultures. 

CULTURAL   EXPERIMENTS. 

Studies  of  the  Group  Characteristics  op  the  Organism, 
morphology  of  organism  and  colony. 

The  organism  causing  the  coconut  bud-rot  is  a  short  rod  with 
rounded  ends,  averaging  1.5  to  1.8  /t  in  length,  and  0.5  /x  in  \\ddth, 
although  in  length  they  may  vary  from  0.63  to  4.03  /x,  and  in  wadth 
from  0.48  to  0.6  /x.  They  occur  singly,  or  more  commonly  in  groups 
of  two  or  three;  not  infrequently  they  may  be  found  in  chains  up  to 
20  fi  in  length.  The  rods  are  actively  motile  with  several  peritri- 
chiate  flagella  (demonstrated  ^\dth  Lomt's  flagella  stain)  three  to  four 
times  the  length  of  the  organism.  Single  rods  dart  about  often  with 
a  rapid,  vibratoiy  motion  and  sometimes  a  whirling  motion.  They 
also  glide  from  place  to  place  without  any  apparent  vibration. 
Couples,  when  in  progression,  usually  move  Anth  a  bending,  waving 
sort  of  motion.  Occasionally,  when  in  twos  or  threes,  the  rods  appear 
almost  rigid,  but  seem  to  vibrate  rapidly  at  both  ends  as  they  ghde 
along.  The  rods  are  nonsporulating.  Thin-walled  capsules  are 
readily  apparent  when  the  organism  is  stained  with  Lowit's  flagella 
stain.  With  this  stain,  also,  dense  bodies  appear  within  the  rods, 
located  either  centrally  or  more  or  less  laterally.  The  organism 
does  not  stain  by  Gram's  method. 

On  agar  plates  the  organism  is  variable.  The  typical  surface 
colonies  are  slightly  raised,  white,  and  semiopaque.  Frequently 
they  eventually  become  lobed  or  radiate  branched,  or  from  the 
beginning  they  may  be  thin  and  deepty  lobed  or  radiate  branched, 
with  a  dense  nucleus  in  the  center.  They  are  always  wet  shining; 
white  by  direct  light  and  bluish  in  transmitted  Hght.  The  surface  is 
always  smooth.  By  transmitted  light  the  thin  colony  appears 
homogeneous,  but  the  raised  colony  or  raised  margin  of  the  tliin 
colony  appears  to  have  streaks  more  in  some  parts  than  in  others. 
In  24  hours  the  thin  colonies  may  extend  5  or  more  centimeters  on 
the  petri  dish,  and  in  48  hours  they  frequently  cover  the  dish.  The 
moisture  conditions  affect  the  form  and  density  of  the  colony. 
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In  agar  stabs  the  surface  growth  is  thin  and  extends  across  the  tube 
and  sHghtly  up  the  glass.  The  stab  growth  is  slender  and  slightly 
beaded. 

On  agar  streaks  the  growth  is  good,  irregular,  and  bordered  by 
numerous  tiny  white  colonies. 

On  gelatin  stabs  the  surface  growth  is  thin  and  white.  The  stab 
growth  is  slender  and  bordered  by,  or  consisting  of,  many  tiny, 
separate,  white  colonies. 

On  gelatin  plates  the  colonies  are  small,  with  irregular  margins  and 
uneven  surface.  After  several  days'  growth  the  colony  is  ysually 
zonate  with  alternating  ridges  and  depressions.  Savage  ^  studied 
the  appearance  of  Bacillus  coli  on  gelatin  plates  and  came  to  the 
conclusion  that  while  there  was  a  typical  form  of  colony  for  this 
organism,  yet  there  was  enough  variation  in  the  forms  to  prevent 
using  this  character  alone  in  diagnosing  the  species.  Comparison  by 
the  writer  of  B.  coli  on  gelatin  plates  with  the  coconut  organism 
shows  them  to  be,  for  all  practical  purposes,  identical.  Usually  B.  coli 
assumed  the  zonate  form  24  hours  later  than  the  coconut  organism 
under  the  same  conditions,  but  ultimately  they  appeared  indis- 
tinguishable. 

GROWTH   WITH   AND   -VmiHOUT  AIE. 

The  fact  that  the  organism  grows  in  the  stab  inoculations  of  agar 
and  gelatin  and  luxuriantly  in  the  closed  ends  of  fermentation  tubes 
is  indicative  of  its  ability  to  grow  either  in  the  entire  absence  of  free 
oxygen  or  at  least  when  only  very  little  is  present. 

Experiments  were  made  with  large  U  tubes  m  which  pyrogallic 
acid  and  caustic  soda  were  placed  in  a  test  tube  and  inserted  in  one 
end  of  the  U  and  a  beef-bouillon  culture  of  the  organism  was  placed 
in  the  other  end.  The  ends  of  the  U  were  sealed  by  standing  them 
in  beakers  containing  glycerin,  and  in  some  of  the  experiments  with 
glycerin  in  one  beaker  and  mercury  in  the  other.  The  fluid  used  in 
each  case,  either  glycerin  or  mercury,  rose  in  the  tube  as  the  air  was 
exliausted  by  the  union  of  the  pyrogallic  acid  and  the  caustic  soda,  but 
it  was  not  possible  to  say  that  an  absolute  vacuum,  or  rather  an  entii-e 
absence  of  oxygen,  was  obtained.  In  24  hours  the  cultures  were 
always  well  clouded.  Similar  experunents  were  made  in  which  it 
was  contrived  to  insert  also  in  a  U  tube  a  test  tube  containing  bouillon, 
grape  sugar,  and  methylene  blue.  In  no  case  did  this  methylene 
blue  lose  its  color,  as  would  be  expected  if  there  were  entire  absence 
of  oxygen.  Similar  experiments  were  made  with  large  straight  test 
tubes.  The  seal  consisted  of  a  rubber  stopper  smeared  with  vaseline. 
Heavy  clouding  also  took  place  in  these  tubes,  but  the  methylene 

1  Savage,  W.  G.    Gelatin  Surface  Colonies  of  Bacillus  Coli  Communis.    Journal  of  Pathology  and  Bac- 
teriology, vol.  9,  1903-4,  p.  358. 
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blue  did  not  fade  out.  Other  experiments  were  made  by  cutting  off 
the  top  of  the  cotton  plug  of  the  inoculated  tube,  pushing  it  down 
below  the  top  of  the  tube  so  as  to  form  a  cavity,  and  then  putting 
pyrogallic  acid  and  caustic  soda  into  this  space  and  sealing  with 
rubber  stoppers  smeared  with  vaseline.  In  24  hours  these  cultures 
also  clouded. 

Ordinary  stab  cultures  were  made  in  fresh  nutrient  agar,  and 
melted  vaseline  was  inserted  with  a  sterile  pipette  to  cover  the  agar 
to  a  depth  of  1  c.  c.  The  agar  eventually  shrunk  and  left  a  space 
about  3  mm.  high  between  it  and  the  solidified  vasehne.  A  very 
thin  film  of  growth  appeared  on  the  surface  of  the  agar  and  a  fairly 
good  reticulate  stab  growth  was  produced,  but  no  more  than  in  agar 
stab  cultures  which  were  not  sealed  with  vaseline. 

Another  experiment  was  made  with  the  use  of  cover  glasses.  In 
this  experiment  10  c.  c.  of  sterile  agar  were  poured  into  ordinary 
petri  dishes  and  the  soUdified  agar  inoculated  at  one  point.  Sterile 
cover  glasses  were  then  placed  over  the  point  of  inoculation  and 
pressed  down  firmly  to  exclude  the  air.  In  24  hours  the  growth 
under  the  cover  glass  was  distinct  and  in  48  hours  it  had  reached  the 
edge  of  the  cover  glass  and  eventually  spread  over  the  plate. 

No  more  exhaustive  experiments  have  been  carried  out.  It  is 
beheved  that  sufficient  has  been  done  to  show  that  the  organism  wOl 
grow  well  in  a  reduced  amount  of  oxygen  and  will  grow  moderately 
well  in  a  very  small  amount  of  it.  It  has  not  been  proved  that  the 
organism  will  grow  when  there  is  absolutely  no  oxygen  present. 

LIQUEFACTION   OP   GELATIN. 

The  six  coconut  cultures  were  inoculated  into  beef  gelatin  and 
placed  ui  the  gelatin  box  at  about  19°  C.  All  remained  perfectly  firm, 
until  after  11  weeks  when  No.  1  was  somewhat  softened.  A  few  days 
afterwards  No.  1  appeared  entirely  Hquefied.  Six  months  after  inocu- 
lation all  remained  firm  with  the  exception  of  No.  1,  which  was 
liquefied.  The  growth  on  the  surface  of  these  tubes  first  became  thin 
and  white,  with  an  irregular  margin.  The  growth  along  the  stab 
was  at  first  slender  and  bordered  by  and  consisting  of  numerous 
tiny  spherical  masses.  Eventually  the  growth  spread  tlirough  the 
medium  and  over  the  entire  surface. 

The  foregoing  experiment  was  repeated  with  the  same  results. 
The  experunent  was  again  tried  and  No.  1  liquefied  after  16  days, 
while  the  others  remained  solid. 

In  the  work  of  Longley  and  Baton  ^  for  the  identification  of  Bacillus 
coli  the  cultures  containing  the  suspected  organism  are  incubated  in 

'  LoDRley,  F.  F.,  and  Baton,  W.  U.  C.    Notes  on  the  Determination  of  B.  Coli  in  Water.    Journal  ol 
Infectious  Diseases,  vol.  4,  1907,  pp.  397-416. 
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gelatin  at  37°  C.  for  48  hours,  after  which  they  are  placed  in  an  ice 
box  to  permit  hardening.  The  solidifying  of  the  gelatin  is  taken  as  a 
positive  indication  of  the  presence  of  Bacillus  coli,  and  those  tubes 
in  which  the  gelatin  did  not  harden  are  considered  as  i)ositively  free 
from  Bacillus  coli. 

Cultures  of  tlie  coconut  organism  and  Bacillus  coli  (from  animals) 
were  incubated  in  gelatin  at  37°  C.  for  48  hours  and  then  placed  in 
an  ice  box  to  harden.  In  six  hours  all  of  the  tubes,  including  coconut 
No.  1,  were  perfectly  firm. 

The  culture  designated  as  coconut  No.  1  was  descended  from  one 
of  many  cultures  made  from  the  same  isolation  (505  E,).  In  order 
to  see  if  they  all  behaved  alike,  transfers  were  made  into  gelatin 
from  all  that  were  still  alive  nme  months  after  isolation.  There  were 
in  all  11  of  these  cultures  from  as  many  colonies.  These  tubes  were 
incubated  at  37°  C.  and  tested  daily  for  liquefaction  by  removing  to 
an  ice  box,  where  they  might  harden.  Seven  days  after  inoculation 
all  showed  good  growth  and  were  perfectly  firm  when  placed  at  a  low 
temperature.  Ten  days  after  inoculation  the  check  tubes  (two)  were 
perfectly  firm;  four  of  the  cultures  were  slightly  soft;  and  the 
remaining  seven  were  in  the  nature  of  a  thick  liquid.  Coconut  No.  1 
was  the  thinnest  of  these,  but  even  that  was  not  entirely  liquefied. 

Attempts  were  made  to  plate  out  coconut  No.  1  to  ascertain  if  by 
any  chance  it  had  become  contaminated.  A  variety  of  colonies  was 
obtained  on  the  plates  of  plain  agar,  but  transfers  from  various  forms 
of  these  colonies  to  litmus  milk,  nitrate  bouillon,  Dunham's  solution, 
neutral  red  in  fermentation  tubes,  and  gelatin  all  gave  the  reactions 
typical  of  the  coconut  organism.  Platings  were  also  made  from  the 
other  coconut  organisms  and  from  Bacillus  coli  (Theobald  Smith, 
XIV)  with  exactly  the  same  results.  On  plain  agar  the  variety  of 
forms  was  great,  ranging  from  the  small,  round,  iridescent  colonies 
to  large,  thin,  homogeneous,  much-branched  colonies.  Transfers 
from  specific  colonies  to  litmus  milk  gave  the  typical  reaction  for  the 
coconut  organism,  and  platings  from  these  tubes  gave  in  every  case 
on  plain  beef  agar  the  same  variety  of  forms.  In  view  of  this  work 
it  does  not  seem  possible  that  the  culture  coconut  No.  1  was  con- 
taminated, but  rather,  as  has  been  suggested,  that  it  was  a  modified 
form  of  the  original  organism. 

According  to  the  recommendations  of  the  Society  of  American 
Bacteriologists  six  weeks  is  the  time  fixed  to  ascertain  the  liquefy- 
ing power  of  any  organism  when  the  cultures  are  grown  in  an  ordi- 
nary gelatin  box.  Bacillus  coli  and  all  six  of  the  coconut  cultures 
answer  to  this  test.  According  to  the  methods  used  by  some  workers 
and  mentioned  in  the  foregoing  paragraphs,  48  hours  at  37°  C.  (before 
placing  in  an  ice  box)  is  sufficient  time  in  which  to  ascertain  the  lique- 
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fying  power  of  an  organism.  Bacillus  coli  and  all  six  of  the  coconut 
organisms  answer  to  this  test  also.  It  has  been  seen,  however,  that 
coconut  No.  1  if  left  longer  than  prescribed  in  the  tests  will  cause 
hquefaction.  This  organism  answers  to  all  of  the  other  routine 
tests  for  Bacillus  coli,  as  do  the  other  coconut  cultures.  On  the  other 
hand,  coconut  No.  1  differs  somewhat  in  some  minor  tests.  Can, 
then.  Bacillus  coli  and  coconut  No.  1  be  considered  identical  organ- 
isms? Apparently  not.  It  would  seem  very  probable,  however,  in 
view  of  the  close  similarity  of  the  two  organisms  that  coconut 
No.  1  was  derived  from  coconut  No,  2  (505  S,  the  organism  inoculated 
into  the  coconut  seedling  from  which  No.  1  was  isolated),  but  had 
changed  its  character  to  some  extent.  The  similarity  of  coconut 
No.  1  to  the  other  coconut  cultures  and  to  Bacillus  coli  will  be  brought 
out  more  clearly  in  subsequent  pages. 

PRODUCTION  OF  ACID  AND    GAS   IN   DEXTROSE. 

In  one  series  of  experiments  the  average  gas  production  in  10  days 
in  the  closed  end  of  fermentation  tubes  was  24  millimeters  and  the 
average  titration  was  +  25  on  Fuller's  scale.  As  wdll  be  seen,  however, 
in  the  citation  of  various  titrations  and  gas  production,  there  is  con- 
siderable variation.  Table  VI  gives  the  acidity  ascertained  on  vari- 
ous cultures.     The  amounts  are  typical  of  many  other  titrations. 

Table  VI. — yidd  production  by  coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  in 

various  media  at  22°  C.^ 


Culture. 

Medium 
4193: 
1  per 
cent 

peptone 
+2  per 

cent  dex- 
trose. 

Medium  4192:  Dunham's  solu- 
tion+2  per  cent  dextrose. 

Medium   42(58:  Dunham's  solu- 
tion+ 1  per  cent  dextrose. 

12  days. 

6 
days. 

23 
days. 

31 
days. 

55 
days. 

20 
hours. 

5 
days. 

19 
days. 

47 
days. 

Coconut  1 

+26 

+27 
+28 

+  14 
+  14 
+  14 

+  14 

+  14 

+  14 

+  15 

■   +  4 

+  14 
+  14 
+  14 

+  14 

+  14 
+  14 
+  15 
+  4 

+20 

+16 

+  16 
/+16 
\  +  16 

+  16.5 

+  16 

+  16 

+  3 

1 

Coconut  2 

Coconut  3 

Coconut  4 

1 

Coconut  5 

+18 

+26 
+27 
+24 
+  6 

/ 

+9 

+  11 

+  13 

f      +32 
\      +32 

Coconut  6 

Bacillus  coli 

+3 

+11 

+14 

/      +36 
t      +36 

Cheek 

1  Distilled  water  used  in  these  3  media. 


In  a  dextrose  solution  in  distilled  water,  originally  +  5,  the  culture 
became  -1-11.5,  showing  an  acid  production  but  not  so  great  (nor  so 
good  a  growth)  as  in  the  presence  of  peptone  also. 
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In  dextrose  plus  KNO3,  originally  +5,  the  culture  became  +8,  this 
also  showing  less  growth  (and  less  aci.d)  in  the  absence  of  peptone. 

Cultures  in  peptone  plus  rosolic  acid  made  good  growth  but  did  not 
affect  the  color.  Cultures  in  peptone  plus  rosolic  acid  plus  dextrose 
clouded  well  and  changed  from  the  pink  color  of  the  check  to  a  sort 
of  orange  yellow,  thus  indicating  the  production  of  an  acid. 

Cultures  in  peptone  plus  neutral  red  grew  well  and  changed  the 
color  of  the  medium  to  an  orange  yellow,  in  this  case  showing  a  slight 
production  of  alkali.  In  cultures  containing  peptone  plus  neutral  red 
plus  dextrose  the  growth  was  good  and  the  color  changed  to  a  ma- 
genta, thus  indicating  the  production  of  an  acid. 

A  series  of  cultures  was  made  in  Dunham's  solution  colored  with 
litmus,  some  of  the  tubes  containing  grape  sugar  and  others  without 
any  sugar.  Those  containing  the  sugar  in  three  days  became  well 
reddened  and  partially  bleached.  Those  without  the  grape  sugar 
became  well  clouded  and  showed  good  growth,  but  did  not  change  in 
color  from  the  check. 

The  amount  of  gas  produced  in  media  containing  dextrose  is  shown 
in  Table  VII. 


Table  VII. — Amount  of  gas  (in  millimeters)  produced  by  various  cultures  in  different 

media,  experiments  1,2,3,  and  4- 


Peptone  plus  dextrose  at  22°  C. 

Beef  bouillon  plus 
dextrose  at  37°  C. 

Culture. 

Experi- 
ment 1, 
Dec.  8-14, 
1909. 

Experiment  2, 

Dec.  13,  1909,  to 

Jan.  3,  1910. 

Experiment  3,  Jan.  17- 
1910. 

-27, 

Experiment  4, 
Mar.  16-19, 1910. 

2 
days. 

6 
days. 

1 

day. 

5 
days. 

21 
days. 

2 
days. 

4 
days. 

5 
days. 

7 
days. 

10 
days. 

1 
day. 

2 
days. 

3 
days. 

Coconut  1 

5 
5 
5 
5 
0 
0 
0 
0 
5 
5 
0 
0 

27 

46 

13 

14 

0 

0 

0 

0 

15 

17 

0 

0 

0 

0 

1 

7 

11 

11 

11 

11 

0 

0 

9 

0 

9 

15 

"'21' 

32 
36 

45 
49 

56 

Coconut  1  a 

Coconut  2 

0 

8 

2 

45 

51 

55 

Coconut  2  a 

Coconut  3 



26 
29 
29 
0 
20 
17 
24 
29 

28 
30 
30 
0 
23 
19 
24 
29 

26 
30 


0 
27 
14 
24 

28 

39 
51 
46 
44 
41 
41 
46 

44 
56 
52 
47 
46 
49 
49 

46 

Coconut  3  a 

0 

0 

0 

57 

Coconut  4 

53 

Coconut  4  a 

0 
0 

0 
10 

0 

4 

47 

Coconut  5 

46 

Coconut  5  a 

53 

Coconut  6            

0 

0 

0 

50 

Coconut  6  a 

Bacillus  eoli 

50 

52 
47 

48 

B.  colia 

50 

The  failure  of  some  of  the  cultures  to  produce  gas  in  experiments  1 
and  2  while  they  readily  produced  it  in  experiments  3  and  4  is  rather 
striking  and  not  readily  explainable.  Occasionally,  in  subsequent 
experiments  not  noted  here,  a  similar  failure  of  a  certain  culture  to 
produce  gas  in  dextrose  has  occurred.  From  further  cultures  of 
descendants  of  such  a  culture,  however,  it  is  evident  that  the  same 
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organism  has  been  retained  tlu'ougiiout,  and  lliat  tliere  has  been  no 
discernible  contamination  of  tlie  tubes. 

PRODUCTION    OF   ACID    AND    GAS    IN    LACTOSE. 

Titration  of  cultures  in  lactose  fermentation  tubes  showed  coconut 
No.  4  to  be  + 15  and  No.  6  +15  on  Fuller's  scale  after  growth  for  15 
days.  No  checks  were  titrated  at  this  time,  but  they  usually  ran 
about  +5. 

In  fermentation  tubes  containing  1  per  cent  peptone  plus  1  per  cent 
lactose  in  24  hours  no  gas  was  shown.  After  five  days  at  22°  C.  the 
showmg  was  as  follows:  Tube  1  a,  34  mm.;  tube  2  a,  20;  tube  3, 
26;  tube  4,  20;  tube  5  a,  27;  tube  6  a,  24. 

After  15  days  No.  5  a  had  produced  28  mm.  of  gas.  In  21  days  No. 
6  a  showed  only  22  mm.  of  gas.  Evidently  the  gas  production  had 
ceased  and  that  already  formed  was  being  partly  absorbed. 

Table  VIII  shows  the  results  of  a  similar  experiment  in  peptone 
plus  lactose  at  22°  C. : 

Table  VIII. — Amount  of  gas  (in  mm.)  produced  by  various  cultures  in  experiment  with 
1  per  cent  peptone  plus  1  per  cent  lactose,  at  22°  C,  February  4  to  18,  1910. 


Culture. 

1  day. 

3  days. 

7  days. 

10  days. 

14  days. 

Coconut  1 

0 
Tiny  bubbles. 
0 
0 
0 
0 

0 
9 
0 
0 

•    "5 

6 
2 
0 
0 

8 
0 

12 
Tiny  bubbles. 
0 
0 
4 
0 

21 

Coconut  2 

Tiny  bubbles. 

Coconut  3 

0 

Coconut  4 

0 

Coconut  5 

1  large  bubble. 

Coconut  (J 

0 

In  the  lactose  as  in  the  dextrose  the  ability  of  the  organism  to  pro- 
duce gas  appears  to  vary.  In  the  first  experiment  all  of  the  cultures 
formed  gas;  and  in  the  later  experiment  only  three  of  them,  and  they 
apparently  with  difficulty.  The  fact  that  the  organism  can  effect  this 
change,  even  though  it  does  not  always  do  so,  is  of  value  in  deter- 
mining its  characteristics.  No  experiments  were  carried  out  usmg 
beef  bouillon  with  lactose.  In  general,  the  acid  production  m  lactose 
seems  to  be  less  than  in  dextrose;  and  the  gas  formation  also,  at  least 
in  a  peptone  medium,  seems  to  be  effected  with  greater  difficulty 
than  in  dextrose. 


PRODUCTION    OF  ACID   AND   GAS   IN    SACCHAROSE. 

Cultures  in  peptone  plus  cane  sugar  titrated  after  five  days  at  22°  C, 
coconut  No.  1,  +14;  No.  5,  +13.  No  check  was  titrated  at  this 
time,  but  they  usually  were  about  +5.  The  following  table  shows 
the  gas  production: 
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Table  IX.- 


pi 


onid  of  (/(IS  (in  mm.)  produced  by  various  cultures  in  1  per  cent  peptone 
'.us  1  per  cent  cane  sugar  at  22°  0.,  experiments  1  and  2. 


Culture. 


Coconut  1 . . 
Coconut  1  a 
Coconut  2 . . 
Coconut  2  a 
Coconut  3 . . 
Coconut  3  a 
Coconut  4 . . 
Coconut  4  a 
Coconut  5 . . 
Coconut  5  a 
Coconut  () . . 
Coconut  6  a 


Exp.  1:  Dec.  8-28,  1909. 


1 
day. 


0) 


0) 
( 

{*) 


2 
days. 


10 
days. 


40 

70 

13 

13 

0 

0 

0 

0 

15 

17 

0 

0 


20 
days. 


50 
55 
12 
15 
30 

30 

0 

0 

20 

15 

(^) 
(?) 


Exp.  2:  Feb.  4-20,  1010. 


1 
day. 


3 

days. 


13 


11 

"6 


0 

"6 


7 
days. 


40 


10 
"6 


0 

'io 

"6 


10 
days. 


50 


0 

is 

'6 


14 
days. 


59 


(^) 


0 

is 
"6 


1  Tiny  bubbles. 

2  One  large  bubble. 

3  Various  tubes  of  this  culture  previously  produced  gas  in  cane  sugar. 
<  Small  amount. 

Here,  as  in  the  case  of  dextrose  and  lactose,  is  a  failure  on  the  part 
of  certain  cultures  to  produce  gas.  Coconut  Nos.  3,  4,  and  6  seem  to 
have  less  power  in  this  direction  than  the  other  cultures.  In  dextrose 
and  lactose  media  these  cultures  sometimes  failed  and  sometimes  did 
not.    In  the  only  experiments  carried  out  with  cane  sugar  they  failed. 

GROWTH   IN   NITRATE    BOUILLON. 

Cultures  were  made  in  nitrate  bouillon,  and  within  two  days,  tests 
for  nitrites  with  starch,  potassium  iodid,  and  sulphuric  acid  showed 
the  presence  of  nitrites,  thus  mdicating  the  abiHty  of  the  organism  to 
reduce  the  nitrates.  This  test  has  been  repeated  many  times  and  in 
no  case  did  any  of  the  cultures  fail  to  give  a  good  reaction. 

COLOR   PRODUCTION. 

The  coconut  organism  does  not  produce  any  pigment.  On  plain 
agar  the  growth  is  white  in  direct  light.  Wliere  the  growth  is  thin  on 
agar  plates  the  colonies  in  transmitted  light  are  bluish.  On  potato 
cylinders  there  may  be  a  slight  yellow  color  to  the  growth.  On  media 
containing  neutral  red  the  growth  is  pink,  eventually  fading  to 
orange  yellow,  but  that  is  undoubtedly  due  to  the  presence  of  the 
neutral  red.  On  Kashida's  litmus-lactose  agar  (p.  119)  the  colonies  are 
fu'st  slate  blue,  then  red.  On  Endo's  fuchsin  agar  (p.  88)  the  growth 
is  bright  red,  or,  at  a  certain  stage,  white  in  direct  light  and  irides- 
cent in  transmitted  light.  All  of  these  colors,  however,  are  doubtless 
due  to  reactions  in  the  medium  and  are  not  direct  products  of  the 
bacterial  growth. 
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GROWTH   ON    STARCH    MEDIA. 

Experiment  1. — Both  the  coconut  organism  and  Bacillus  coli  were 
grown  on  potato  cylinders  and  after  18  days  were  tested  with  an 
iodin  potassium  iodid  solution  for  amylodextrin  as  follows: 

Coconut  No.  1  showed  distinctly  the  red  purple  on  the  addition  of  Lugol's  iodin. 
Some  blue  fragments  indicated  that  not  all  the  starch  had  been  converted. 

No.  5  showed  a  good  red-purple  reaction  and  also  abundance  of  blue. 

Bacillus  coli  showed  red  purple  almost  throughout  the  cylinder,  there  being  only  a 
few  fragments  of  blue. 

Check-potato  cylinders  showed  only  a  bright  Prussian  blue  on  the  addition  of  Lugol's 
iodin. 

Experiment  2. — A  nutrient  solution  consistmg  of  1  per  cent  peptone, 
2  per  cent  dextrose,  and  0.1  per  cent  cornstarch  was  made  up,  and  a 
number  of  tubes  were  inoculated  with  the  coconut  and  Bacillus  coli 
cultures.  After  incubation  for  17  days  at  22°  C.  the  tubes  were  tested 
for  the  presence  of  starch.  As  it  was  found  in  preliminary  tests  that 
a  small  amount  of  Lugol's  iodin  gave  only  a  transitory  blue,  the  exact 
amount  used  for  the  test  was  determined.  It  was  also  found  that  a 
tube  showing  a  good  test  for  one  minute  or  five  minutes  might  be 
entirely  colorless  after  a  longer  time.  One  minute  was  selected  arbi- 
trarily as  the  limit  of  time  for  the  color  reaction  to  persist.  It  was 
found  that  from  four  to  five  drops  of  the  iodin  solution  were  necessary 
to  give  the  Prussian  blue  starch  reaction  in  a  check  tube  and  have  it 
persist  for  one  minute.  Among  the  culture  tubes  it  was  found  that, 
on  the  average,  about  80  drops  of  the  iodin  solution  were  necessar}^ 
to  make  the  dark  color  persist  one  minute.  Wliile  the  test  gave  the 
bright  blue  in  the  check  tubes,  in  all  the  culture  tubes  the  color 
reaction  was  a  red  purple,  or  on  long  standing  and  adding  more  iodin 
a  red  or  rich  brown  color.  There  was  no  evidence  of  the  blue  starch 
reaction  in  the  culture  tubes  except  on  examination  with  the  micro- 
scope. By  this  means  blue  particles  could  be  found,  but  only  in  small 
quantities.  This  experiment  demonstrated  clearly  that  the  starch  is 
affected  by  the  organism  and  in  this  particular  case  using  a  dextrose- 
peptone  medium  nearly  all  of  the  0.1  per  cent  starch  was  converted. 

Experiment  3. — Cultures  of  the  coconut  organism  and  Bacillus  coli 
were  made  in  three  different  media  as  foUows:  (1)  Two  per  cent 
peptone  plus  0.05  per  cent  NaCl  plus  0.1  per  cent  potato  starch;  (2) 
the  same  with  the  addition  of  litmus;  (3)  a  tliird  medium  similar  to 
the  first  with  the  addition  of  dextrose.  Tlie  purpose  of  this  experi- 
ment was  to  ascertain  if  the  action  of  the  starch  was  independent  of 
any  sugar  present.  Litmus  was  added  to  the  first  medium  to  serve 
as  a  check  to  indicate  the  presence  or  absence  of  acid  formation.  If 
any  acid  were  formed  it  would  be  from  the  starch.  No  titration  was 
made  of  these  cultures.     It  was  assumed  from  other  experiments 
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that  an  acid  would  be  formed  in  the  presence  of  the  sugar.     The 
results  in  growth  are  as  follows: 

After  one  day  at  37°  C:  Series  1  has  all  tubes  moderately  clouded  but  no  gas;  series 
2,  same  with  no  change  in  color  of  litmus;  series  3,  has  all  tubes  well  clouded  and 
abundant  gas  production. 

After  two  days  at  37°  C:  Conditions  same  in  each  tube. 

After  four  days  at  37°  C:  Series  1,  all  moderately  clouded  and  thin  films  on  surface; 
no  gas  formed.  Series  2,  all  moderately  clouded  with  thin  film  on  surface;  litmus, 
shows  no  signs  of  reddening  nor  of  bleaching.  Series  3,  all  well  clouded  with  small 
amount  of  gas. 

Test  for  starch  in  series  1 :  Checks  with  26,  30,  and  41  drops  of  iodin  solution  all 
showed  blue-starch  reaction.  Culture  No.  1  showed  very  transitory  blue  with  5  and 
up  to  40  drops  of  iodin;  not  tested  higher.  Culture  No.  2  with  61  drops  produced  a 
dark  purple  blue,  persistent  for  at  least  1  minute.  Culture  No.  3,  up  to  20  drops 
showed  no  color;  30  and  40  drops  caused  a  slight  tinge  of  purple.  Culture  No.  4, 
from  5  to  30  drops  caused  a  very  transient  blue;  40  drops  produced  a  blue  lasting  5 
seconds.  Culture  No.  5,  15  drops  produced  no  color  whatever;  not  tested  higher. 
Culture  No.  6,  from  5  to  30  drops  caused  a  very  transient  blue;  40  drops  produced 
a  blue  lasting  5  seconds.  Bacillus  coli,  as  high  as  40  drops  were  added  without  pro- 
ducing any  starch  reaction  or  other  color. 

Series  2  was  not  tested  owing  to  the  presence  of  the  litmus. 

Test  for  starch  in  series  3:  Checks — (a)  transient  blue  with  10,  15,  and  more  drops; 
(b)  same;  (c)  transient  purple  with  10  drops;  (d)  transient  blue  with  10  and  15  drops; 
with  20  drops  lasts  5  seconds.  Culture  No.  1  showed  transient  red  purple  with  10 
drops;  with  15  drops  color  lasts  1  minute.  Culture  No.  2  showed  dark  purple  blue 
with  24  drops.  Culture  No.  3  showed  transient  red  purple,  same  as  No.  1.  Culture 
No.  4  showed  blue  at  least  30  seconds  with  10  drops;  blue  black  and  not  purple  with 
15  drops.  Culture  No.  5  showed  bright  blue  with  10  drops;  dense  blue  black  with  15 
drops.  Culture  No.  6  showed  purple  with  15  drops  of  iodin.  Bacillus  coli  showed 
purple  with  10  drops,  lasting  slightly  longer  than  with  No.  3. 

In  series  1  no  distinct  amylodextrin  test  was  obtained,  the  occa- 
sional purple  blue  being  only  what  may  occur  in  ordinary  starch  tests. 
If  the  iodin  solution  is  added  to  starch  the  first  reaction  is  a  bright 
Prussian  blue,  but  this  on  standing  ultimately  often  becomes  purple. 
The  distinct  red-purple  reaction  formed  in  some  of  the  tests  of  series  3 
is  the  typical  reaction  and  one  quite  distinctive.  This  experiment 
tends  to  show  that  the  diastase,  if  it  is  a  diastase  that  produces  the 
change  from  starch  to  amylodextrin,  is  produced  in  the  presence 
of  a  sugar  and  not  in  its  absence. 

Experiment  4  o.- — Cultures  were  made  on  slant  potato-starch  jelly 
tubes  and  incubated  at  37°  C.  In  24  hours  coconut  cultures  Nos.  3 
and  4  showed  good  narrow,  dry  streaks.  The  other  cultures  showed 
no  growth.  In  three  days  all  the  tubes  but  coconut  No.  5  showed 
good  growth  on  the  surface  of  the  slant.  No  3  was  tested  with  Lugol's 
iodin  solution,  but  showed  no  signs  of  amylodextrin.  No.  1  showed 
a  sHght  red-purple  coloration.  None  of  the  other  cultures  showed 
any  signs  of  the  amylodextrin  reaction;  aU  were  bright  blue. 
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Experiment  4-  &• — This  experiment  was  repeated  and  the  tubes  were 
tested,  after  growth,  for  five  days  at  37°  C.  In  the  Bacillus  coli  tube 
the  application  of  the  iodin  sohition  indicated  the  change  of  amylo- 
dextrin  over  the  surface  of  the  slant  and  around  the  outside  of  the 
cylinder  next  to  the  glass  halfway  down  the  tube.  This  change  did 
not  extend  to  any  appreciable  depth.  In  the  coconut-culture  tubes 
the  slightest  indication  of  the  amylodextrin  was  seen  on  applying  the 
iodin  solution.  Practically  aU  the  color  in  these  tubes  was  the  bright 
Prussian  blue  characteristic  of  the  pure  starch. 

Experiment  4  c. — Other  cultures  were  made  of  coconut  No.  5  and 
Bacillus  coli  upon  slant  jelly.  Two  tubes  of  each  culture  were  inoc- 
ulated for  23  days  at  37°  C.  At  the  end  of  that  time  each  tube  had 
about  1  c.  c.  of  a  watery  fluid,  apparently  from  the  disintegration  of 
the  starch;  there  was  good  growth,  and  in  the  case  of  Bacillus  coli 
the  jeUy  was  somewhat  browned.  Examination  of  the  cultures 
showed  results  as  follows: 

Coconut  No.  5:  The  jelly  is  soft  on  the  surface  and  sides,  firm  beneath.  The  test 
shows  abundant  red-purple  coloration.  About  three-fourths  of  the  cylinder  was  un- 
affected by  the  organism  and  showed  a  good  blue  starch  reaction. 

Coconut  No.  5  a  :  Same  as  No.  5. 

Bacillus  coli:  The  jelly  is  very  soft.  The  test  shows  nearly  all  red  purple  with 
only  a  small  amount  of  blue  reaction. 

Bacillus  coli  a:  Like  Nos.  5  and  5  a  in  every  respect. 

Experiment  4  d. — Another  series  of  cultures  was  made  in  which  the 
six  coconut  organisms  and  four  strains  of  Bacillus  coli  were  used. 
After  incubation  for  two  weeks  at  37°  C.  the  tubes  showed  the  following 
conditions : 

Coconut  No.  1:  No  sign  of  growth  on  slant;  no  amylodextrin  shown  by  test.  Nos. 
2,  3,  4,  and  5:  Good  slightly  yellow  streak;  no  amylodextrin.  No.  6:  Good  distinctly 
yellow  streak;  no  amylodextrin. 

Bacillus  coli  (Hitchings)  No.  1:  Good  yellowish  growth  over  entire  surface;  lique- 
faction along  sides;  large  amount  of  amylodextrin  shown  by  test.  Bacillus  coli 
(Hitchings)  No.  2:  Narrow  slightly  yellow  streak;  some  water;  small  amount  of 
amylodextrin.  Bacillus  coli  (VI-ll-V-09)  No.  1:  Good  yellowish  growth  over  entire 
surface;  abundant  water  along  sides;  definite  but  small  amount  of  amj^lodextrin. 
Bacillus  coli  (VI-ll-V-09)  No.  2:  Same  growth  and  amount  of  amylodextrin. 
Bacillus  coli  (13.  A.  I.)  No.  1:  Same  growth;  small  amount  of  amylodextrin.  Bacillua 
coli  (B.A.I.)  No.  2:  Good  growth  on  surface  and  some  water;  no  amylodextrin. 
Bacillus  coli  (Theobald  Smith,  XIV)  No.  1:  Narrow  streak;  very  small  amount  of 
amylodextrin.  Bacillus  coli  (Theobald  Smith,  XIV)  No.  2:  Narrow  brown  streak; 
small  amount  of  amylodextrin. 
228 


LABORATORY   AND   GREENHOUSE   STUDIES. 


75 


Summary  of  starch-media  experiments. — The  result h  of  tlic.se  experi- 
ments may  be  briefly  summarized  as  follows: 


Experiment  1 
2 
3 


Potato  cylinders,  amylodextrin  formed. 

Peptone-dextrose  cornstarch  solution,  amylodextrin  formed. 

Peptone-potato  starch  solution,  amylodextrin  formed. 

Peptone-dextrose  potato-starch  solution,  no  amylodextrin  formed. 

Peptone-potato  starch  with  litmus,  no  acid  formed;  not  tested  for 
amylodextrin. 
4  a.  Starch  jelly,  no  amylodextrin. 
4  b.  Starch  jelly,  amylodextrin  formed. 
4  c.  Starch  jelly,  amylodextrin  formed. 
4  d.  Starch  jelly,  no  amylodextrin  formed. 

These  experiments  demonstrate  the  ability  of  the  coconut  organism 
as  well  as  Bacillus  coli  to  change  starch  into  amylodextrin,  although 
this  power  appears  to  be  variable.  Bacillus  coli  is,  in  general,  more  con- 
stant in  this  power  and  usually  more  effective.  Contrary  to  the  fore- 
going results  of  the  author  in  regard  to  Bacillus  coli,  Savage  *  states 
that  true  Bacillus  coli  does  not  ferment  starch. 


PRODUCTION    OF  ACID   AND   GAS   IN   GLYCERIN.^ 

Cultures  in  peptone  plus  glycerin  after  growth  for  5  days  titrated 
+ 10  for  cultures  of  coconut  No.  3  and  -f  11  for  coconut  No.  4.  The 
gas  production  in  this  medium  is  shown  in  tlie  following  table : 

Table  X. — Amount  of  gas  (in  mm.)  produced  in  1  per  cent  peptone  plus  1  per  cent 

glycerin  at  22°  C,  February  4  to  20.,  1910. 


Culture. 

1  day. 

3  days. 

7  days. 

10  days. 

14  days. 

Coconut  1 

0 
One  bubble. 
0 
0 
Few  bubbles. 
0 

0 
11 

0 

0 
10 

0 

0 
13 

0 

0 
11 

0 

0 
10 

0 

0 
11 

0 

n 

Coconut  2 

in 

Coconut  3 

n 

Coconut  4 

0 

Coconut  5 

10 

Coconut  6. .            .   . 

0 

In  Table  X  it  is  seen  that  cultures  Nos.  2  and  5  have  produced  gas 
in  the  glycerin  medium  while  the  others  have  failed.  This  experi- 
ment was  repeated  to  determine  if  the  same  result  would  again  be 
obtained  at  a  higher  temperature.     The  results  appear  in  Table  XI, 

1  Savage.  W.  G.  The  Characters  of  the  Bacillus  Coli  as  an  Indicator  of  Excretal  Contamination. 
Lancet,  London,  vol.  108,  Feb.  4,  1905,  p.  287. 

2  Giddings,  N.  J.  A  Bacterial  Soft  Rot  of  Muskmelon,  Caused  by  Bacillus  Melonis,  n.  sp.  Bulletin  148, 
Vermont  Agricultural  Experiment  Station,  January,  1910,  p.  400.  The  author  reports  6  per  cent  of  gas 
formed  in  nutrient  broth  cultures  of  Bacillus  coli  containing  2  per  cent  glycerin. 
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Table  XI. — Amount  of  gas  (in  myn.)  produced  by  various  cultures  in  1  per  cent  peptone 
plus  1  per  cent  glycerin  at  37°  C,  June  18-27,  1910. 


\ 


Culture. 

2  days. 

3  days. 

4  days. 

7  days. 

9  days. 

Cof*nnnt  1                                               

(■) 
3  36 
(1) 
(1) 

3  32 

(1) 

(1) 
(I) 

(') 

(6) 

(') 

0) 

(') 

0) 

{*) 

0) 

(') 

±  5 

(') 

±  5 

(') 
40 

0) 

^■^32 
0) 

(^) 

17 

0) 
41 

0) 
0) 
32 

27 
29 

27 
(5) 

{■) 

Cof^onut  2                                       

40 

(2) 

Cnf^onnt  4                                                              

(■) 

Cnpnnnt  5                                                

30 

(=) 

"Rafillim  noli  ("Hitohines"!                                  

21 

Bacillus  coll  (B.A.I.) 

Barillns  ooli  f  XA'I                              

32 
32 

Bapilhis  coll  (\1  \\-\-W)                              

27 

Check                          

C') 

1  No  gas;  barely  clouded  in  closed  end. 

2  No  gas:  thinly  clouded  in  closed  end. 

3  Moderately  clouded  in  closed  end. 


4  About  as  before. 

6  Two  large  bubbles  of  { 

6  Clear  in  both  ends. 


GROUP    NUMBER    OF   THE    COCONUT    ORGANISM. 

It  has  been  found  in  some  of  the  preceding  experiments  that  the 
six  coconut  cultures  were  neitlier  constant  nor  identical  in  their  reac- 
tion in  every  medium.  In  the  case  of  liquefaction  of  gelatin,  Xo.  1 
liquefied  the  gelatin  after  several  weeks,  the  others  not  even  after 
six  months.  In  dextrose  medium  all  produced  gas;  No.  1  more  than 
the  others.  In  lactose  medium  all  produced  gas  sometimes,  but  not 
always.  In  media  containing  saccharose  as  the  only  carbohydrate 
all  the  cultures  produced  gas  at  one  time  or  another.  In  nitrate 
bouillon  all  the  cultures  reduced  the  nitrates  to  nitrites.  As  to  color 
of  the  colonies,  all  may  be  considered  nonchromogenic.  As  to  growth 
on  starch  media,  the  coconut  organisms  have  been  definitely  proved 
to  have  a  variable  effect  on  the  starch,  sometimes  converting  it  rapidly 
into  amylodextrin  but  more  frequently  feebly  or  not  at  all.  In 
glycerin  media  the  production  of  gas  occurred  only  in  Nos,  2  and  5. 
Doubtless  the  other  strams  might  also  produce  gas  if  grovm  under  the 
ridit  conditions.  It  seems  more  reasonable  to  believe  this  than  not 
for  this  reason:  Nos.  2  and  5  are  cultures  isolated  from  two  different 
coconut  seedlings  which  were  inoculated  with  Nos.  1  and  4,  respec- 
tively, and  1  and  4  have  here  behaved  alike.  Moreover,  Nos.  2  and 
5,  after  being  isolated,  were  reinoculated  into  two  different  coconut 
seedlings  and  from  them  were  derived  cultures  Nos.  3  and  6,  respec- 
tively, these  being  identical  in  this  case  with  Nos.  1  and  4.  That  in 
such  a  set  of  experiments  Nos.  3  and  5  are  different  species  or  varie- 
ties is  an  idea  scarcely  conceivable.  Granted  that  this  organism, 
represented  by  the  six  strains  is  capable  of  producing  gas  in  glycerin 
media,  it  then  appears  that  for  this  organism  the  following  formula 
according  to  the  chart  of  the  Society  of  American  Bacteriologists 
must  be  used:  222.1111021.  The  identity  of  this  formula  with  that 
of  Bacillus  coli  is  at  once  apparent.  Under  these  circumstances  many 
more  biological  features  of  the  coconut  organism  must  be  ascertained 
in  order  to  distinguish  it  from  or  to  identify  it  with  the  colon  organ- 
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ism.  As  much  work  has  been  done  by  various  investigators  toward 
ascert^aining  a  ready  means  of  identifying  Bacillus  coli,  it  has  been 
deemed  advisable  to  consider  these  special  means  of  identification 
before  taking  up  the  many  miscellaneous  biological  features  com- 
monly discussed  in  this  sort  of  work. 

Special  Test  Reactions  for  the  Identification  of  the  Organism. 

Various  bacteriologists,  working  in  connection  with  public  boards 
of  health  or  independently,  have  adopted  routine  methods  for  dcter- 
minmg  the  presence  of  Bacillus  coli  in  drinking  water  or  elsewhere. 
In  some  cases  these  methods  are  considered  by  their  users  as  sufhcient 
to  ascertain  definitely  the  presence  or  absence  of  this  organism.  In 
other  cases  the  probabilities  are  that  the  organism  in  question  is 
Bacillus  coli  or  some  closely  allied  form.  The  tests  made  consist  of 
only  one  or  two  or  of  several  reactions.  The  adoption  of  the  special 
methods  here  will  be  of  service,  not  only  in  characterizing  the  coconut 
organism,  but  also  in  ascertaining  any  differences  that  there  may  be 
between  it  and  Bacillus  coli. 

Of  those  reactions  described  in  the  following  pages  Dr.  Theobald 
Smith  ^  claimed  that  the  production  of  gas  to  the  amount  of  40  to  70 
per  cent  in  dextrose  media  demonstrated  the  presence  of  the  colon 
group  of  bacteria,  the  hog  cholera  group.  Bacillus  lactis  aerogenes,  and 
Friedlander's  bacillus.  In  order  to  determine  from  among  these 
various  bacteria  the  ti'ue  Bacillus  coli,  Dr.  Smith  suggested^  that  the 
following  reactions  were  sufhcient:  Growth  on  gelatin  in  the  form  of 
delicate  bluish  or  more  opaque  whitish  expansions  with  irregular 
margins;  actively  motile  when  examined  in  a  hanging  drop  from 
young  surface  colonies  taken  from  the  gelatin  plates ;  coagulation 
of  milk  within  a  few  days ;  growth  upon  potato  either  a  rich,  pale 
or  brownish  yellow  deposit,  or  merely  glistening,  barely  recognizable ; 
also  gives  a  distinct  indol  reaction. 

Behavior  of  the  organism  in  the  fermentation  tube  must  conform 
to  the  following  scheme: 

Variety  A:  One  per  cent  dextrose  bouillon  at  37°  C.     Total  gas  about  one-half  the 

volume  of  the  closed  arm.     Proportion  of  hydrogen  to  carbon  dioxide 

about  2:1.     Reaction  strongly  acid. 
One  per  cent  lactose  bouillon.     As  in  dextrose  bouillon  with  slight 

variations. 
One  per  cent  saccharose  bouillon.     Gas  production  slower  than  in  the 

preceding.     Total  gas  finally  about  two-thirds.     Proportion  of  H  to 

CO2  nearly  3  to  2.     The  final  reaction  in  the  bulb  may  be  slightly  acid 

or  alkaline  according  to  the  rate  of  gas  produced. 
Variety  B:  The  same  as  variety  A,  except  that  in  saccharose  bouillon  neither  gas 

nor  acid  is  formed . 


1  Smith,  Theobald.    The  Fermentation  Tube.    The  Wilder  Quarter-Century  Book,  1S93,  p.  229. 

2  Smith,  Theobald.    Notes  on  Bacillus  Coli  Communis  and   Related   Form.s.    American  Journal  of 
Medical  Science,  vol.  110,  1895,  pp.  283-302. 
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Dr.  B.  H.  Stone  ^  describes  a  rapid  method  of  identifying  Bacillus 
coli  in  water.  A  fermentation  tube  is  filled  with  2  per  cent  glucose 
bouillon  and  this  is  inoculated  with  1  cubic  centimeter  of  the  water  to 
be  examined  and  grown  24  hours  at  38°  C.  If  from  25  to  70  per 
cent  of  gas  is  formed  in  the  closed  arm  Bacillus  coli  is  probably  present. 
From  those  tubes  which  produce  this  amount  of  gas  transfers  of  0.5 
c.  c.  are  made  to  tubes  containing  10  c.  c.  of  neutral  broth  to  which 
has  been  added  0.3  c.  c.  of  Parietti's  solution,  and  the  tubes  are 
grown  24  hours  at  38°  C.  From  those  tubes  containing  Parietti's 
solution  transfers  of  0.5  c.  c.  are  made  to  fresh  fermentation  tubes, 
and  if  gas  is  produced  as  before  there  is  reasonable  certainty  that  the 
organism  is  Bacillus  coli.  Further  confirmation  is  obtained  by  ascer- 
taining the  gas  formula,  that  of  the  colon  group  being  H:C02::2:1. 

Further  transfers  from  the  supposed  Bacillus  coli  may  be  made  into 
gelatin  stab  cultures,  into  litmus  milk,  and  into  Dunham's  solution  for 
indol.  Also  the  morphology  may  be  ascertained.  These  reactions 
are  considered  by  Dr.  Stone  sufficient  to  verify  the  identification  of 
Bacillus  coli. 

Drs.  F.  F.  Longley  and  W.  U.  C.  Baton-  have  pubhshed  their  routine 
method  for  identifying  Bacillus  coli  in  water,  as  follows: 

1.  Incubation  in  ordinary  dextrose  broth  and  fermentation  tubes  at  40°  C.  for  24 
hours.  From  those  tubes  showing  gas  within  24  hours  transfers  are  made  to  litmus- 
lac  tose-agar  plates. 

2.  The  litmus-agar  plates  are  incubated  at  40°  C.  for  18  to  26  hours.  From  those 
colonies  which  appeared  red  on  these  plates  transfers  are  made  to  agar  slants. 

3.  Agar  slants  are  incubated  for  24  hours  at  40°  C.  Those  slants  which  have  the 
typical  cultures  characteristic  of  Bacillus  coli  are  not  examined  microscopically. 
Atypical  colonies  are  examined  before  discarding. 

4.  A.  Those  agar  slants  which  show  typical  cultures  are  transferred  to  dextrose  broth 
fermentation  tubes  and  incubated  at  40°  C.  for  24  hours.  The  absence  of  gas  is  con- 
sidered negative.  The  quantity  of  gas  present  and  the  proportion  of  COg  are  not 
determined. 

4.  B.  Milk.  Transfers  to  milk  cultures  are  incubated  at  40°  C.  for  two  days  and 
examined  daily  for  coagulation  and  _  digestion  of  the  casein.  Coagulation  indicates 
Bacillus  coli. 

4.  C.  Nitrate  broth  cultures.  Incubated  at  40°  C.  for  two  days  and  then  tested  for 
nitrites.     The  presence  of  nitrites  indicates  Barillus  coli. 

4.  D.  Peptone  broth.  Cultures  incubated  for  three  days  at  40°  C.  and  tested  for 
indol.     Presence  of  indol  indicates  Bacillus  coli. 

>  Stone,  B.  H.  A  Rapid  Method  of  Detecting  Bacillus  Coli  Communis  in  Water.  American  Medicine, 
vol.  3,  Jan.  25, 1902,  p.  1.54. 

'  Longley,  F.  F.,  and  Baton,  \V.  U.  C.  Notes  on  the  Determination  of  Bacillus  Coli  in  Water.  Journal 
of  Infectious  Diseases,  vol.  4,  1907,  pp.  397-416. 
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Dr.  W.  G.  Savage  *  studied  the  following  points  in  identifying  Bacil- 
lus coli:  Motility,  liquefaction  of  gelatin,  type  of  colony  on  gelatin, 
indol  production,  acid  production,  milk  coagulation,  and  fermentation 
of  dextrose  and  lactose. 

Dr.  D.  Rivas  -  states  that  the  usual  method  for  identifying  Bacillus 
coli  is  as  follows: 

Plating  out  in  Wurtz's  litmus-agar  plates  with  1.5  to  2  per  cent  Parietti's  solution. 
Examined  after  24  hours'  incubation  at  37°  C.  All  the  pink  colonies  are  isolated  and 
transferred  to  sugar  media  for  fermentation. 

Transfers  are  made  to  Dunham's  solution  to  test  for  indol.  Also  to  nitrate  bouil- 
lon to  test  for  reduction  of  nitrates  to  nitrites. 

Further  transfers  are  made  to  gelatin  tubes  for  liquefaction  or  nonliquefaction. 

Dr.  J.  J.  Kinyoun  uses  Endo's  fuchsin  agar  for  the  determination 
of  Bacillus  coli.  His  method  of  making  up  the  medium  is  one  that  he 
considers  as  furnishing  a  very  distinctive  test,  as  follows: 

Take  2  liters  tap  water,  40  grams  Liebig's  meat  extract,  40  grams  Witte's  peptone,  20 
grams  sodium  chlorid,  160  grams  agar  flour.  Put  into  a  tall  beaker  and  steam  for  three 
hours.    Let  settle  over  night.    Cut  off  dirty  part  and  throw  away.    Melt  the  remainder 

and  neutralize  to  phenolphthalein.     Add  4  c.  c.  of  --  hydrochloric  acid.     Steam 

one  hour.  This  forms  the  stock,  which  should  be  clear.  The  crux  of  the  whole  for- 
mula lies  in  the  following:  Take  200  c.  c.  of  this  hot  stock  and  add  to  it  2  grams  of  lac- 
tose. Then  add  2  c.  c.  of  a  solution  of  basic  fuchsin  (half-saturated  solution)  and 
10  c.  c.  of  fresh  sodium-sulphite  solution  (5  grams  to  100  c.  c.  of  water).  Divide  into 
eight  lots  of  25  c.  c.  each  to  form  the  trial  lots.  Make  up  a  10  per  cent  solution  of  sodium 
carbonate,  and  add  of  this  to  the  trial  lots,  in  varying  amounts,  as  follows:  0.01  c.  c, 
0.02  c.  c,  0.03  c.  c,  0.04  c.  c,  etc.  Pour  into  large  plates,  cool,  and  streak  for  colon, 
typhoid,  etc.  Incubate  24  hours  at  37°  C.  The  standard  of  alkalinity  to  be  used  on 
the  remainder  of  the  stock  is  that  of  the  plate  which  has  given  the  most  characteristic 
results.  Fill  and  set  away  the  stock  in  100  c.  c.  portions  in  bottles  plugged  with 
cotton.  As  there  is  much  water  of  condensation,  the  agar  is  hardened  in  the  plates 
uncovered  in  a  clean  place.    Air  germs  (exclusive  of  molds)  seldom  grow  on  it. 

These  points  are  stated  to  be  the  most  essential  in  the  identification 
of  Bacillus  coli. 

The  growth  of  the  coconut  organisms  in  various  other  media  is  de- 
scribed on  the  following  pages, 

dolt's  synthetic  medium  no.  1. 

On  slant  cultures  in  Dolt's  medium  a  good  pink  growth  appeared 
within  24  hours,  and  the  agar  became  partly  reddened.  Evidence  of 
gas  appeared  in  tubes  of  coconut  No.  2  and  Bacillus  coli.  Repetition 
of  this  experiment  gave  exactly  the  same  result  with  the  exception  of 
no  gas  production.     The  growth  along  the  streak  was  for  the  most 

1  Savage,  W.  G.     The  Characters  of  the  Bacillus  Coli  as  an  Indicator  of  Excretal  Contamination.    Lan- 
cet, London,  vol.  168,  Feb.  4, 1905,  p.  284. 

2 Rivas,  D.    B.  Coli  Communis,  "The  Presumptive  Test,"  and  the  Sewage  Streptococci  in  Drinking 
Water.    Journal  of  Medical  Research,  vol.  16, 1907,  pp.  85-98. 
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part  wet  sliining,  smooth,  and  with  raised  margins.     Near  the  top  the 
growth  consisted  of  more  or  less  isolated  colonies.     In  tube  No.  1  a 
subsequent  tendency  to  bleaching  of  the  litmus  appeared.     In  all  the 
tubes  the  litmus  was  first  reddened. 
This  medium  is  made  up  as  follows :  ^ 

Cubic 
centimeters. 

Purified  agar  (3  per  cent  solution) 500 

Glycerin 5  gramsl 

Ammonium  phosphate.  .1  grami 500 

Distilled  water J 

NaOH  was  used  to  neutralize,  and  1  per  cent  lactose  added  just 
before  sterilization.  Litmus  was  added  in  sufficient  quantity  to  make 
a  good  blue  color. 

NEUTRAL    RED    USED   IN    VARIOUS    MEDIA. 

The  use  of  neutral  red  in  differentiating  Bacillus  coli  from  other 
species  has  been  widely  recommended.  A  few  other  organisms  be- 
have in  a  similar  way,  but  the  reaction  at  least  differentiates  a  group 
of  organisms  if  not  a  single  one.  A  useful  way  to  use  neutral  red  in 
determining  Bacillus  coli  is  in  fermentation  tubes.  This  method  and 
others  are  here  described. 

Table  XII. — Growth  of  coconut  and  Bacillus  coli  cultures  of  March  15,  1910,  in  fer- 
mentation tubes,  using  neutral  red  with  1  per  cent  dextrose  and  1  per  cent  peptone  solu- 
tion in  river  vjater,  incubated  at  37°  C. 


Culture. 

3  days. 

6  days. 

8  days. 

15  days. 

Coconuts 

Coconut  5  a 

Greenish  in  closed  end; 
30  mm.  gas. 

Pink  in  both  ends;  2.5 
mm.  gas. 

Pink  in  both  ends;  26 

mm.  gas. 
Greenish  in  closed  end; 

24  mm.  gas. 

Pink    in    open    end; 
greenish-yellow     in 
closed  end. 

do 

Pale  pink  in  closed 
end:  bright  pink  in 
open  end;  33  mm. 
gas. 

Greenish  yellow  in 
closed  end;  pink  in 
open  end;  28  mm. 
gas. 

Pink  in  both  ends;  32 
mm.  gas. 

Pale  pink  in  closed 
end;  bright  pink  in 
open  end;  27  mm. 
gas. 

No  change. 
Do. 

Bacillus  coli.. . 
Bacillus  coli  a. . 

Pink  in  both  ends 

Pink    in    open    end: 
bleached  in    closed 
end. 

Do. 
Do. 

The  greenish-yellow  color  seen  in  tubes  5  and  Bacillus  coli  a  of  this 
experiment  is  typical  of  the  noutral-red  reaction.  Tubes  5  and  5  a, 
Bacillus  coli  and  Bacillus  coli  a,  derived,  respectively,  from  5  and 
Bacillus  coli,  did  not  show  the  same  reaction.  As  the  two  tubes  each 
from  different  cultures  were  made  under  the  same  conditions  from  the 
same  tubes,  this  difference  in  results  suggests  an  unreliability  in  the 
reaction.  Further  work,  however,  tends  to  show  that  the  greenish- 
yellow  or  canary -yellow  color  is  generally  present.  In  other  media 
it  is  demonstrated  more  clearly. 

■  1  Dolt,  Maurice  L.     Simple  Synthetic  Media  for  the  Growth  of  Bacillus  Coli  and  for  Its  Isolation  from 
Water.    Journal  of  Infectious  Diseases,  vol.  5, 1908,  p.  625. 
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Cultures  with  peptone  and  dextrose  plus  neutral  red  were  made  in 
ordinary  test  tubes.  The  check  was  an  orange-red  color.  The 
culture  tubes  became  in  four  days  a  magenta.  In  nine  days  they 
were  a  deep  magenta  with  the  exception  of  tube  No.  1,  which  had 
paled  to  an  orange  red. 

The  change  to  an  orange-red  color  may  be  accounted  for  by  the 
production  of  ammonia,  a  small  amount  of  which  is  found  in  peptone 
cultures  of  this  organism.     (See  p.  93.) 

This  experiment  was  repeated  with  the  same  results.  The  color  of 
the  culture  solutions  (except  No.  1,  almost  bleached)  in  transmitted 
light  corresponds  to  Tyrian  rose,  tint  No.  3,  Repertoire  de  Couleurs, 
Publie  par  la  Societe  Franpaise  des  Chrysanthemistes. 

Cultures  without  dextrose  were  made.  In  four  days  these  still  re- 
mained a  pink  color,  though  a  trifle  paler  than  the  check.  In  nine 
days  all  were  orange  red. 

This  experiment  was  repeated  with  the  same  result.  The  color  of 
the  culture  corresponded  to  reddish  terra  cotta,  tint  No.  2,  Repertoire 
de  Couleurs.  The  check  tube  very  closely  corresponded  to  the  red- 
dish old  rose,  tint  No.  4. 

In  none  of  these  cultures  in  peptone  solutions  with  neutral  red  in 
straight  test  tubes  was  there  any  of  the  canary-yellow  color  pro- 
duced. This  is  undoubtedly  due  to  the  strictly  aerobic  condition  of 
the  straight  tube  containing  a  liquid,  while  in  the  straight  tube  with 
the  solid  agar  or  in  the  fermentation  tube  anaerobic  conditions 
existed  which  apparently  are  necessary  for  this  canary-yellow  re- 
action. The  change  of  color  under  aerobic  conditions  with  and  with- 
out dextrose  was  caused  by  the  acid  production.  In  the  presence  of 
sugar  acids  are  produced  which  change  neutral  red  to  a  magenta 
color.  The  production  of  acid  was  not  tested  except  in  the  presence 
of  dextrose,  saccharose,  lactose,  and  glycerin;  but  gas,  which  is  an 
indication  of  acid  production,  was  observed  to  form  in  the  presence 
of  levulose,  galactose,  and  mannit. 

Table  XIII. — Growth  of  various  cultures  of  March  18, 1910,  on  agar,  containing  neutral 

red  and  dextrose,  at  37°  C. 


Culture. 

1    day. 

3  days. 

5  days. 

Check 

Red 

Red 

Red 

Coconut  1 

Red;  gas;  pink  surface 
growth. 

Yellowish-green     spots     in 
agar;  gas;  pink  growth. 

do 

Lower  three-fourths  canary 
yellow;  upper  part  pink; 
pink  growth  on  surface; 
color  somewhat  bleached 
at  top. 
Lower  three-fourths  canary 
yellow;  pink  growth  on 
surface, 
do 

Practically  all  bleached 
to  a  canary  yellow. 

Same  as  before. 
Do 

Coconut  2 

Coconuts 

Coconut  4 

do 

.  .do   . 

Do 

Coconuts 

do 

do 

Do 

Coconut  6 

do 

do  . 

Do 

Bacillus  coli 

do 

do 

Do 
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This  experiment  was  repeated  with  another  lot  of  neutral-red  agar, 
believed  to  be  the  same  as  the  first  lot,  with  the  exception  of  titrating 
three  degrees  higher  on  the  Fuller  scale.  Whatever  the  cause  may  have 
been  there  was  no  change  in  the  color  of  the  medium  from  pink  to 
canary  yellow.  A  moderate  amount  of  pinkish  growth  appeared  on 
the  surface,  but  otherwise  there  was  no  characteristic  reaction. 
This  medium  was  made  up  in  each  case  with  1  per  cent  agar  flour, 
beef  bouillon  made  with  distilled  water,  2  per  cent  dextrose,  and 
enough  neutral  red  to  make  a  bright  pink. 

In  MacConkey's  bile-salt  agar  (for  full  description  see  p.  83)  con- 
sisting of  peptone,  sodium  taurocholate,  lactose,  and  neutral  red, 
the  canary-yellow  color  in  the  lower  part  of  the  medium  was  very 
striking. 

According  to  Hunter,^  Kosenberger,^  and  Moore  and  Revis,^  the 
neutral-red  reaction  is  characteristic  of  Bacillus  coli  and  a  few  other 
organisms.  This  reaction  is  thus  useful  in  separating  this  group  of 
organisms  from  others.  Moore  and  Revis  have  found  that  under 
certain  conditions  the  canary-yellow  reaction  does  not  always  result. 
In  particular  they  found  that  in  the  presence  of  glucose  the  reaction 
seldom  occurred.  Lactose  was  considered  to  be  the  best  sugar  to 
use,  and  the  result  in  MacConkey's  bile-salt  agar  containing  lactose 
seems  to  verify  this.  It  is  stated  by  these  authors  that  the  canary- 
yellow  color  is  only  transitory  when  resulting  in  glucose  media. 

For  a  further  test  of  the  constancy  of  this  canary-yellow  reaction 
experiments  were  made  with  agar  media  without  sugar,  with  lactose, 
with  dextrose,  with  saccharose,  and  with  glycerin.  The  six  coconut 
organisms  and  Bacillus  coli  were  grown  in  these  media  in  two  different 
experiments.  Table  XIV  shows  the  results  of  these  experiments 
with  B.  coli  and  coconut  No.  5. 

1  Hunter,  William.  The  Diagnosis  of  the  Presence  of  Bacillus  Coli  Communis  by  Means  of  Neutral  Red. 
British  Medical  Journal,  Sept.  21, 1901,  pp.  791-792. 

«  Rosenberger,  R.  C.  The  Identification  of  the  Colon  Bacillus  by  Reactions  Produced  in  Culture  Media 
Containing  Neutral  Red.    Philadelphia  Medical  Journal,  vol.  9,  Mar.  8,  1902,  pp.  446-449. 

3  Moore,  Ernest  W.,  and  Revis,  Cecil.  The  Neutral-Red  Reaction  for  Bacillus  Coli  Commvmis.  Journal 
of  Pathology  and  Bacteriology,  vol.  10,  1904-5,  pp.  97-104. 
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Table  XIV. — Growth  of  Bacillus  coli  and  coconut  No.  5  on  agar  containing  neutral 
red  and  various  sugars,  May  9-21,  1910,  at  37°  C. 


Culture  and 
medium. 


Bacillus  coll: 

Without  sugar. 


With  lactose . . 


With  dextrose. 

With     saccha- 
rose. 

With  glycerin. . 


Coconut  5: 

Without  sugar. 


With  lactose. 


With  dextrose. 
With     saccha- 
rose. 


With   glycerin. 


1  day. 


Pink  growth;  liquid 
in  V  greenish  flu- 
orescent. 

Pink  growth;  slight 
greenish  color  in  V 

Same  as  without 
sugar. 


.do. 


Pink  growth;  bright 
green  fluorescence 
in  V. 


.do. 


.do. 
.do. 


.do. 


2  days. 


Excellent  growth 
in  each  tube. 


.do. 


.do. 
.do. 

.do. 


Same  as  before, 
only  in  each  case 
the  green  ex- 
tends to  bottom 
of  tubes. 

do 


.do. 
.do. 


.do. 


7  days. 


Both  growth  and 
agar  entirely 
changed  toagreen- 
ish-orange  yellow. 

Growth  on  surface 
bright  pink. 

do 


Almost  entirely 
greenish   yellow. 

Growth  on  surface, 
pink;  one-third  of 
agar  greenish  yel- 
low. 

Changed  from  pink 
to  orange  yellow 
with  a  green  tinge. 


Bright  red;  shows 
no  sign  of  greenish 
yellow. 

....do 

Greenish  yellow  in 
lower  part  of  front. 


Bright  red;  shows 
no  sign  of  greenish 
yellow. 


12  days. 


Orange  color 
throughout. 


No  sign  of  change 
of  color  to  green- 
ish; all  red. 

All  red. 

Greenish-orange 
yellow  through- 
out. 

Pink  growth;  agar 
greenish  yellow, 
fluorescent. 


Orange  color 
throughout. 


Bright  red. 


Do. 

Most  of  growth  is 
pink;  firm  part 
of  agar  greenish 
yellow. 

No  change  in  color. 


In  these  experiments  coconut  No.  1  reduced  the  color  in  nearly 
every  instance.  The  remainder  were  for  the  most  part  like  Bacillus 
coli  and  coconut  No.  5.  In  nearly  every  case  the  culture  in  medium 
without  sugar  changed  to  the  greenish-fluorescent  and  then  to  an 
orange-yellow  color.  In  the  media  with  lactose,  dextrose,  and  gly- 
cerin the  same  greenish-fluorescent  reaction  took  place  over  a  part 
of  the  medium  and  growth,  and  then  a  darker  purplish-red  color 
appeared.  In  the  medium  with  saccharose  there  is  the  same  appar- 
ently permanent  change  to  orange  yellow  from  the  pink  to  greenish 
fluorescence  as  in  the  tubes  with  no  sugar. 

macconkey's  bile-salt  agar  with  neutkal  bed. 

The  sodium  taurocholate  and  the  lactose  in  this  medium  are  said 
to  have  an  inhibitive  effect  on  nearly  all  but  the  intestinal  bacteria. 
The  addition  of  neutral  red  further  aids  in  separating  the  species. 
The  medium  here  used  was  made  up  according  to  the  method  in  Eyre's 
Bacteriological  Technique,  page  169.^ 


•  See  also  Grunbaum,  A.  S.,  and  Hume,  E.  H.,  "  Note  on  Media  for  Distinguishing  Bacillus  Coli,  Bacil- 
us  Typhosus,  and  Related  Species, "  in  British  Medical  Journal,  June  14,  1902,  pp.  1473-1474. 
228 


84 


HISTORY  AND   CAUSE   OF   THE   COCONUT  BUD-EOT. 


Table  XV. — Growth  of  coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  on  MacConkey's 
bile-salt  agar  with  neutral  red  in  slant  tubes,  April  22  to  May  2,  1910,  at  37°  C. 


Culture. 

1  day. 

3  days. 

6  days. 

10  days. 

18  days. 

1 

2 

3 

Greenish  fluorescent 
liquid     in     lower 
part  of  V;  in  up- 
per part,  pink  sus- 
pension;   no   gas; 
good  pink  growth 
like  that  on  ordi- 
nary agar. 

Gas;  otherwise  like 
culture  1. 

No   gas;    otherwise 
like  culture  2. 

do 

No  gas;  upper  part 
ofagar  dull  pink; 
lower  part  green- 
ish yellow;  pale 
pink  growth  on 
slant. 

Gas;  color  like  cul- 
ture   1,    except 
for   bright  pink 
growth  on  s  ant. 

do 

Somewhat 
bleached. 

Same    as    on 
third  day. 

do 

Somewhat 
bleached 
throughout. 

Bright  pink 
growth  on  sur- 
face; portion  of 
agar  is  greenish 
yellow. 

Same  as  culture  2, 
only  more  green- 
ish yellow. 

Bright  pink 
throughout. 

do 

Same     as    on 
tenth  day. 

Bright    pink 
throughout. 

Only  a  tinge  of 
greenish  yel- 
low. 

Bright  pink 
throughout. 

Do. 

4 

No    gas;    growth 
and    color    like 
culture  2. 

Gas;  like  culture  2. 
do 

do 

do 

5 

Same  as  culture  2 

Same  as  culture  3 

6 

do 

.   .  .do...   . 

Do. 

Bacillus 

do 

do 

do 

do 

Do. 

coli. 

Table  XVI. — Growth  of  coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  on  MacConkey's 
bile-salt  agar  with  neutral  red  on  plates,  April  26  to  May  2,  1910,  at  37°  C. 


Culture. 


2  days. 


4  days. 


6  days. 


14  days. 


4 

5 
6 


Bacillus 
coli. 


Numerous  fairly  large 
white  colonies. 


Many  tiny  submerged 
bright  pink  colonies; 
surface  colonies 
small,  round,  white 
or  with  pinkish 
tinge. 

Few  colonies  with  pe- 
culiar tiny  projec- 
tions. 


Few  colonies;  not  at  all 

characteristic. 

Same  as  culture  2 

Few  colonies;  not  at  all 

characteristic. 


Round,  wet-shining, 
semitransparent, 
slightly  pinkish  col- 
onies; agar  translu- 
cent. 

Numerous  tiny  sub- 
merged pink  colo- 
nies; moderate  num- 
ber of  surface  white 
or  pinkish  colonies; 
agar  dull  pink, 
opaque. 

Numerous  tiny  sub- 
merged pink  colo- 
nies; moderate  num- 
ber of  surface  white 
or  pinkish  colonies; 
agar  translucent. 

Same  as  culture  3 


Same  as  on  fourth 
day. 


.do. 


.do. 


Like  culture  2. 


Same  as  culture  2 

Like  culture  5,  only 
agar  is  translucent. 


Like  culture  5. 


.do. 

.do. 
.do. 


.do. 


Same    as    on    sixth 
day. 


Pink  surface  colonies; 
bright  pink  sub- 
merged colonies; 
agar  semiopaque. 


Same  as  culture  2, 
only  agar  is  translu- 
cent. 


Do. 

Like  culture  2. 

Pink  surface  colonies 
bright  pink  sub- 
merged colonies; 
agar  translucent. 

Like  culture  2. 


From  these  experiments  it  will  be  seen  that  the  organism  in  question 
grew  very  well  on  this  medium,  equally  well  with  the  Bacillus  coli  used. 
There  was  a  little  variation  in  the  plates,  but  all  the  tubes  were  prac- 
tically alike  with  the  exception  of  No.  1.  It  will  be  noted  that  the 
greenish-yellow  fluorescence  was  only  a  transitory  character,  and  that 
subseciuent  to  it  a  bright  pink  or  slightly  purplish-pink  semiopaque 
color  was  produced  c[uite  in  contrast  to  the  semitransparent  orange- 
red  of  the  check  tubes.  This  reaction  appears  to  be  similar  to  that 
already  discussed  in  the  foregoing  pages. 
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TEST    1    OF    D.   RIVAS. 


One-fourth  c.  c.  of  a  48-liour  culture  in  neutral  dextrose  bouillon  was 
rapidly  boiled  in  about  5  c.  c.  of  a  10  per  cent  solution  of  NaOH,  Tests 
made  with  both  the  coconut  organism  and  Bacillus  coli  gave  the 
typical  clear  lemon-yellow  color  reaction  of  this  test. 

The  color  in  this  reaction  is  discharged  by  acid  and  restored  by 
alkali.  This  reaction  depends  upon  the  biological  action  of  the  bac- 
teria upon  the  sugar. 

This  experunent  was  also  tried  using  beef  bouillon  +14  instead  of 
neutral,  with  the  same  results.  Cultures  in  1  per  cent  peptone  with  2 
per  cent  dextrose,  titrating  +  3  likewise  gave  the  same  lemon-yellow 
reaction. 

TEST  3   OP   D.  KIVAS. 

According  to  Dr.  Rivas,^  Bacillus  coli  does  not  exhaust  all  the  sugar 
from  a  medium,  at  least  if  there  is  any  large  amount.  On  this  ground 
he  would  separate  this  organism  from  closely  allied  ones  which  he 
would  place  in  a  so-called  saccharolytic  group,  i.  e.,  those  capable  of 
exliausting  all  the  sugar.  So  incomplete  is  the  exhaustion  of  sugar  by 
Bacillus  coli  that  it  is  inadvisable  to  use  it  for  the  purpose  of  freeing 
beef  bouillon  from  the  small  amount  of  muscle  sugar  it  may  contain. 
Bacillus  cloacae  is  said  to  be  much  preferable.  At  least  a  partial  ex- 
planation of  this  condition  is  that  Bacillus  coli  produces  so  much  acid 
in  the  presence  of  sugar  that  it  prevents  the  extensive  growth  that 
would  otherwise  take  place. 

For  the  purpose  of  identifying  the  coconut  organism  with  Bacillus 
coli  tests  were  made  of  cultures  in  sugar  solutions  to  ascertain  the 
relative  amount  of  sugar  used  in  the  growth  of  the  organisms. 

Two  methods  were  used  for  determining  the  amount  of  sugar  remain- 
ing in  the  cultures  after  a  certain  amount  of  growth.  Fehling's  solu- 
tion was  diluted  with  an  equal  amount  of  water  and  divided  among  a 
number  of  small  test  tubes,  1  cubic  centimeter  being  placed  in  each. 
To  these  the  cultures  were  added  in  increasing  amounts,  begimiing 
with  one,  two,  three,  etc.,  drops  up  to  1  cubic  centmieter,  and  the 
mixture  was  then  boiled.  In  the  other  experiments  a  less  accurate 
method  was  used.  Fehling's  solution  was  added  directly  to  each  10 
c.  c.  of  the  culture  tubes.  Amounts  from  2  to  3  c.  c.  were  added  at  a 
time  and  then  boiled  to  bring  about  the  reduction.  Fehling's  was 
added  only  until  the  light  orange-red  color  of  the  heated  solution  began 
to  change  to  a  greenish  tinge. 

(1)  Cultures  of  February  26  in  medium  4192,  tested  after  55  days 
in  Dunliam's  solution  with  2  per  cent  dextrose.     The  average  of  six 

I  Rivas,  D.    Contribution  to  the  Differentiation  of  Bacillus  Coli  Communis  from  Allied  Species  in  Drink- 
ing Water.    Journal  of  Medical  Research,  vol.  18, 1908,  pp.  81-91. 
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tests  with  check  solutions  resulted  in  four  drops  of  the  sugar  solution 
being  sufficient  to  reduce  completely  1  c.  c.  of  Fehling's  solution. 
The  cultures  gave  results  as  follows: 

No.  2:  2  drops  reduced  1  c.  c.  of  Fehling's;  that  is,  twice  the  amount  of  sugar. 

(This  must  be  incorrect.) 
No.  5:  4  drops  reduced  1  c.  c.  of  Fehling's;  that  is,  no  measurable  amount  of 

sugar  was  consumed. 
No.  6:  5  drops  reduced  1  c.  c.  of  Fehling's;  that  is,  one-fifth  the  amount  of  sugar. 
Bacillus  coli:  6  drops  reduced  1  c.  c.  of  Fehling's;  that  is,  one-third  the  amount 

of  sugar. 
No.  3:  5  drops  reduced  1  c.  c.  of  Fehling's;  that  is,  one-fifth  the  amount  of  sugar. 
No.  4:  5  drops  reduced  1  c.  c.  of  Fehling's;  that  is,  one-fifth  the  amount  of  sugar. 

(2)  Cultures  in  medium  4268  tested  after  five  days  in  Dunham's 
solution  with  1  per  cent  dextrose,  incubated  at  37°  C. 

Bacillus  coli:  10  c.  c.  reduced    16.5   c.c.  Fehling's  =  one-fifth  of  the  total 

amount. 
Bacillus  coli  a:   10  c.  c.  reduced  18  c.  c.  Fehling's  =  one-tenth  of  the  total 

amount. 
No.  5:  10  c.  c.  reduced  17  c.  c.  Fehling's  =  three-twentieths  of  the  total  amount. 
No.  5  a:  10  c.  c.  reduced  18  c.  c.  Fehling's  =  one-tenth  of  the  total  amount. 

According  to  calculation  the  check  tube  of  10  c.  c.  with  1  per  cent 
dextrose  requires  20  c.  c.  of  Fehling's  to  reduce  it. 

(3)  Cultures  similar  to  those  in  experiment  2  tested  after  47  days. 
These  cultures  were  dried  down  to  less  than  one-half  then-  original 

amount.  As  only  a  portion  of  each  tube  was  tested  the  cultures  were 
diluted  to  their  original  amount  and  well  shaken  up  before  using.  It 
was  found  by  repeated  experiments  with  tubes  of  Bacillus  coli  and 
coconut  No.  5  that  1  c.  c.  of  the  culture  solution  just  completely 
reduced  1  c.  c.  of  Fehling's  solution.  As  1 0  c.  c.  of  Fehhng's  is  supposed 
to  reduce  0.05  grams  of  dextrose,  1  c.  c.  must  reduce  0.005  grams,  and 
as  the  amount  of  dextrose  used  was  0.01  grams  to  the  cubic  centi- 
meter, one-half  the  original  amount  had  been  consumed  by  the 
bacteria. 

(4)  Cultures  in  medium  4193,  1  per  cent  peptone  and  2  per  cent 
dextrose,  tested  after  12  days. 

Ten  c.  c.  of  culture  No.  5  in  this  solution  were  able  to  reduce  only 
30  c.  c.  Fehling's,  thus  showing  that  about  one-fourth  of  the  sugar  had 
been  used. 

It  required  40  c.  c.  of  Fehling's  solution  to  be  completely  reduced 
by  the  10  c.  c.  of  the  check  culture  solution. 

(5)  Cultures  of  February  26  in  medium  4192,  tested  after  23  dajrs. 
(See  experunent  1.)  The  number  of  cubic  centimeters  of  Fehling's 
solution  reduced  by  10  centimeters  of  culture  was  as  follows: 

No.  5,  SS;  Bacillus  coli,  20;  No.  1,  15;  No.  3,  30;  No.  6,  32;  No.  4,  38; 
check,  43;  check,  43. 
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(G)  Cultures  in  medium  4229,  neutral  beef  bouillon  plus  1  per  cent 
dextrose,  after  48  hours  at  37°  C.  The  number  of  cubic  centimeters 
of  Fehling's  solution  reduced  b}^  10  centimeters  of  culture  was  as 
follows : 

No.  6,  10;  No.  1  a,  10;  No.  5,  10;  No.  1,  10;  No.  4  a,  11;  No.  4,  5; 
No.  3,  10;  Bacillus  coli,  10;  check  2,  20;  check  5,  10. 

The  results  in  this  experiment  indicate  that  on  an  average  one-half 
of  the  sugar  was  exhausted  in  48  hours. 

The  experiments  may  be  summarized  as  follows : 

Experiment  1:  In  2  per  cent  dextrose  after  55  days. 

Bacillus  coli  used  one-third  of  the  amount  of  sugar. 

Coconut  used  one-fifth  of  the  amount  of  sugar. 
Experiment  2:  In  1  per  cent  dextrose  after  5  days. 

Bacillus  coli  used  two-twentieths  to  four-twentieths  of  the  amount  of  sugar. 

Coconut  used  two-twentieths  to  three-twentieths  of  the  amount  of  sugar. 
Experiment  3:  In  1  per  cent  dextrose  after  47  days  at  37°  C. 

Bacillus  coli  used  one-half  of  the  amount  of  sugar. 

Coconut  used  one-half  of  the  amount  of  sugar. 
Experiment  4:  In  2  per  cent  dextrose  after  12  days. 

Bacillus  coli  not  tested. 

Coconut  (No.  5)  used  one-fourth  of  the  amount  of  sugar. 
Experiment  5:  In  2  per  cent  dextrose  after  23  days. 

Bacillus  coli  used  one-half  of  the  amount  of  sugar. 

Coconut  used  one-twentieth  to  one-third  of  the  amount  of  sugar. 
Experiment  6:  In  1  per  cent  dextrose  after  48  hours  at  37°  C. 

Bacillus  coli  used  one-half  of  the  amount  of  sugar. 

Coconut  used  one-half  to  three-foiu-ths  of  the  amount  of  sugar. 

In  these  experiments  the  amounts  given  for  coconut  are  the  average 
of  the  coconut  organism  series  1  to  6.  The  results  indicate  that  from 
small  quantities  up  to  one-half  '  the  amount  of  sugar  in  a  1  per  cent 
or  2  per  cent  solution  of  dextrose  is  broken  up  by  the  organism.  In 
experiment  6  the  limit  of  coconut  is  given  as  three-fourths.  Tliis 
unusual  amount  may  be  due  to  error  in  the  test,  for  it  is  difficult, 
even  with  the  utmost  care,  to  ascertain  the  exact  end  of  the  reduction 
in  each  case.  In  general,  it  seems  safe  to  assume  that  any  error  lies 
on  the  side  of  reckoning  too  much  sugar  used  rather  than  too  little. 
It  is  a  very  easy  matter  to  allow  a  Httle  of  the  blue  FeliUng  to  stand 
unnoticed  in  the  intense  orange-red  of  the  reduced  solution.  In  these 
experiments,  however,  it  is  shown  that  Bacillus  coli  and  the  coconut 
organisms  behave  much  alike  in  their  relation  to  the  sugar  content 
of  the  medium. 


1  Scruel,  M.  Contribution  k  1' Etude  de  la  Fermentation  du  Bacille  Commun  de  I'Intestin."  Archives 
Mfidicales  Beiges,  ser.  4,  vol.  1,  1893,  pp.  &-33,  83-107. 

M.  Scruel  records,  for  the  amount  of  sugar  consumed,  the  following:  1  day,  0.92  out  of  3;  2  days,  1.22  out 
of  3;  3  days,  1.25  out  of  3;  6  days,  1.28  out  of  3.  And  another  time:  1  day,  0.50  out  of  2;  2  days,  0.78  out  of 
2;  3  days,  0.81  out  of  2;  4  days,  0.88  out  of  2. 
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GROWTH   ON   ENDO'S   FUCHSIN   AGAR. 

Endo's  method  has  been  particularly  discussed  by  Herford  ^  and 
Kuata.2  B}'  the  latter  it  has  been  stated  that  one  difficulty  with  the 
method  is  the  instabiUty  of  the  medium,  due  to  the  looseness  of  the 
combination  of  fuchsin  with  the  sodium  sulphite  and  the  inconstancy 
of  the  color  reaction.  Notwithstanding  this  objection,  the  writer 
believes  that  the  variation  of  the  medium  wall  be  the  same  for  Bacillus 
coll  as  for  the  coconut  organism,  so  that  the  behavior  of  the  organisms 
on  this  medium  can  be  compared  regardless  of  any  such  difficulty. 

The  method  of  making  Endo's  fuchsin  agar  as  given  by  Ruata,  is 
as  follows: 

Half  a  kilogram  of  powdered  meat,  1  liter  of  water,  10  grams  of  peptone,  5  grams  of 
sodium  chlorid,  and  30  grams  of  agar  are  boiled  together;  the  mixture  filtered  and 
neutralized.  Then  10  c.  c.  of  a  10  per  cent  solution  of  sodium  carbonate  are  added 
in  order  to  render  the  fluid  alkaline.  Finally,  10  grams  of  lactose  and  5  c.  c.  of  an 
alcoholic  solution  of  fuchsin  are  added.  The  medium  assumes  a  deep-red  color 
which  disappears  on  the  addition  of  25  c.  c.  of  a  10  per  cent  solution  of  sodium  sulphite. 
The  medium  is  then  pom-ed  into  tubes,  each  containing  15  c.  c,  and  is  Bterilized 
by  steam.  In  order  to  obtain  good  results  all  the  constituents  of  this  formula  must 
be  obtained  pure,  the  solution  of  sodium  sulphite  must  be  kept  well  stoppered,  and 
the  solution  of  fuchsin  must  be  filtered  before  using  and  must  be  kept  in  a  dark  place. 
When  using  this  medium  the  agar,  melted  and  cooled  to  40°  C,  after  inoculation  is 
poured  into  sterilized  petri  dishes  where  it  is  allowed  to  solidify.  These  dishes  are 
kept  at  37°  C,  and  after  15  hours  colonies  of  the  colon  bacillus  may  be  seen.  After 
24  hoiu^  these  colonies  become  completely  red  and  assume  the  greenish  iridescence 
characteristic  of  fuchsin.  In  contrast  to  this  reaction  on  the  part  of  the  colon  bacillus, 
the  typhoid  bacillus  remains  colorless. 

Ruata  states  that  in  his  experiments  both  the  bacillus  of  typhoid 
fever  and  Bacillus  coli  either  turn  the  medium  red  or  do  not  color  it, 
according  to  the  variety  of  the  germ  and  the  particular  source  in 
each  case,  as  well  as  according  to  the  nutrient  medium  in  which  they 
have  been  cultivated,  the  age  of  the  cultures,  the  quantity  of  the 
material  used  for  infection,  etc. 

1  Herford,  Max.  Das  Wachstum  der  zwischen  Bacterium  coli  und  Bacillus  typhi  stehenden  Spaltpilze 
auf  dem  Endoschen  Fuchsinagar.    Arbeiten  aus  dem  Kaiserlichen  Gesundheitsamte,  vol.  24, 1906,  pp.  62-67. 

s  Ruata,  Guido.  II  Metodo  di  Endo  per  la  Diflerenziczione  del  Bacillo  di  Eberth  del  Bacillo  del  Colon. 
Rcforma  Medica,  vol.  20,  Apr.  27,  1904,  pp.  449-453.  Reviewed  in  the  New  York  and  the  Philadelphia 
Medical  Journal,  July  16, 1904,  p.  126. 
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Table  XVII. — Growth  of  coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  on  plates  of 
Endo's  medium  {made  by  Ruatd's  method),  April  21  to  May  4,  1910,  at  3T^  C. 


Cul- 
ture. 

1  day. 

2  days. 

4  days. 

5  days. 

7  days. 

9  days. 

13  days. 

1 

Fairly  thickly 
sown    with 
c  ol  0  n  i  e  s  ; 
white  to  iri- 
descent. 

White   colon- 
ies; no  color, 
or    sign    of 
iridescence. 

No  sign   of 
pink. 

Still    uncol- 
ored. 

Still   uncol- 
ored. 

No  color. . 

2 

Same  as  cul- 
ture 1. 

Small       area 
still    white; 
rest    bright 
pink. 

Half  of  plate 
with  white 
coloni  e  s ; 
other  half 
with  pink. 

Two -thirds 
of  plate 
brightly 
colored. 

Less     than 
one -sixth 
pink. 

...do 

3 

White  colonies 
without  iri- 
descence. 

Almost  all  of 
many    colo- 
n  ie  s    are 
bright  pink. 
The  light- 
colored  ones 
are     irides- 
cent; colo- 
nies   are 
smooth,  wet 
shining. 

Bright  red 
colonies 
t  h  r  ough- 
out;  same 
as  B.  coli. 

Same  as  be- 
fore. 

Same  as  be- 
fore. 

Bright  red 
all  over. 

At  4.5°  C. 
remains 
same. 

4 

do 

Part  of  plate 
bright  pink. 

Small    area 
on  one  side 
bright  red. 

do 

No  signs  of 
pink. 

No  color 

5 

Same  as  cul- 
ture 1,  with 
a  slight  pink 
tinge  to  sur- 
face of  agar 
on  one  side. 

Bright     pink 
over      two- 
thirds       of 
plate. 

About  one- 
half  bright 
red. 

Bright  red 
color  over 
one-fourth 
of  plate. 

One-sixth  of 
plate  still 
pink. 

...do 

6 

White  colonies 
without  iri- 
descence. 

Portion  of  col- 
onies      are 
bright  pink, 
some     with 
denser  cen- 

Small   area 
on    one 
side  bright 
red. 

No  pink  col- 
onies what- 
ever; only 
a  pinkish 
caste     re- 

No  sign   of 
pink. 

...do 

ters   than 
margins. 

maining  m 
a  few. 

Bacil- 
1  u  s 
coll. 

Well  sown.  A 
decided 
pink  color 
throughout 
plate.     Col- 
onies pink  in 
direct  light; 
iridescent  in 
reflected 
light. 

All   c  0 1 0  n  ies 
and    all    of 
agar  bright 
red;   some 
colonies  zon- 
ate. 

Eed  through- 
out. 

Bright  red . . 

Re  m  a  i  n  s 
bright  red 
aU  over. 

Bright  red 
all  over. 

At  45°  C. 

remains 
same. 

From  tliis  first  experiment  it  is  seen  that  the  reaction  is  not  com- 
plete in  all  cases,  and,  moreover,  it  is  not  permanent  in  all  cases 
In  Bacillus  coli  and  one  of  the  coconut  cultures  (No.  3),  which  were 
placed  in  the  thermostat  at  45°  C.  after  9  days,  the  color  reaction 
13  days  after  inoculation  was  complete  and  apparently  permanent. 
In  other  tubes  portions  of  the  plates  became  red  and  then  bleached 
out.     One  culture  (No.  1)  failed  to  show  the  reaction. 
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Table  XVIII. — Growth  of  cultures  Nos.  1  to  6  and  Bacillus  coli  on  plates  of  Endo's 
viedium  (Ruata's  formula),  April  26  to  May  6,  1910,  at  S7°  C. 


Culture. 


2  days. 


Coconut  1 . .  Numerous  white  colo- 
nies. 

Coconut  2 . .  Numerous  round  white 
colonies. 

Coconut  3 do 


Coconut  4..; do. 

Coconut  5.. do. 

Coconut  G.. do. 


B.  coli i  Numerous  round  white 

and  some  pink  colo- 
nies. 


4  days. 


Numerous  white  colo- 
nies. 

About  one-fifth  of  colo- 
nies are  pink. 

Numerous  roimd  white 
colonies. 

Some  of  colonies  are 

iridescent. 
Colonies  same  form;  aU 

bright  pink  in  color. 
Some  of  colonies  are 

iridescent  and  some 

pink. 
Colonies  all  same  form; 

all   bright    pink   in 

color. 


6  days. 


Numerous  white  colo- 
nies. 
Same  as  before 

Many  pink  colonies 
about  circum  ference ; 
center  white. 

Same  as  before , 

do 

About  one-eighth  of 
the  plate  is  pink. 

About  one-fifth  of  the 
colonies  are  bright 
pink. 


10  days. 


No  color. 

Only    a    trace    ol 
pink. 
Do. 


Do. 
Do. 
Do. 

Bright  red  all  over. 


Slant-tube  cultures  on  Endows  medium,  May  4  to  11,  1910,  at  37°  C. 

Two  days:  Bacillus  coli  and  Bacillus  colia.  were  bright  pink.  Some  of  the  others 
showed  a  tinge  of  color  but  nothing  more,  although  the  growth  was  good. 

Three  days:  Nos.  1  and  1  a  are  slightly  pink.  Bacillus  coli  and  Bacillus  colia,  are 
bright  red  throughout  the  medium.  AU  others  show  a  bright  pink  surface 
growth,  but  the  bottom  of  these  tubes  is  colorless. 

Five  days:  Nos.  1  and  1  a  are  slightly  pink.  All  the  others  are  bright  red  through- 
out. Bacillus  coli  and  iJaeiWtts  coZt  a  are  a  trifle  brighter  than  the  others.  The 
growth  is  good  in  all  cases;  pink,  smooth,  and  wet  shining. 

Seven  days:  No  change.     All  but  1  and  1  a  still  retain  their  bright  color. 

From  these  experiments  it  may  be  seen  that  the  reaction  of  the 
medium  seems  to  be  the  same  for  the  coconut  cultures  as  for  BaciUus 
coli.  Luxuriant  white  colonies  which  appear  in  transmitted  light 
like  drops  of  water  first  develop  on  the  medium.  Then  appears  a 
sUght  pink  color,  as  seen  in  direct  light,  or  an  iridescence  passing 
from  pink  to  green  and  blue,  as  seen  in  reflected  hght.  Later  the 
pink  darkens  to  a  deep  red  and  the  colonies  appear  opaque.  There  is 
no  sign  of  the  greenish  metallic  fluorescence  characteristic  of  fuchsin 
and  mentioned  by  Ruata  as  a  part  of  the  typical  reaction  with 
BaciUus  coli.  In  an  attempt  to  obtain  this  reaction  on  old  cultures 
two  plates  were  placed  at  47°  C.  until  they  were  completely  dried 
down.  The  bright  red  deepened  to  a  dark  magenta,  but  in  no  case 
were  there  any  signs  of  the  fuchsin  metalhc  luster. 

In  the  original  make-up  of  the  medium  the  fuchsin  is  decolorized 
by  the  sodium  sulphite.  This  action  probably  results  in  the  forma- 
tion of  sodium  sulphate  and  some  colorless  derivative  of  fuchsin. 
As  a  result  of  the  growth  of  the  organism  some  reducing  agent  is 
formed  which  removes  the  atom  of  oxygen  from  the  sulphate  and 
restores  it  to  the  fuchsin,  thus  yielding  sodium  sulphite  and  fuchsin 
if  good  growth  takes  place. 
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STODDART'S   plate   MEDIUiM. 

Stoddart's  plate  medium  is  used  to  distinguish  Bacillus  coli  from 
Bacillus  typhosus.  Its  value  depends  upon  the  fact  that  a  nonmotile 
or  slowly  motile  organism  forms  a  thick  nonspreading  or  slightly 
spreading  growth  on  the  surface,  while  a  moderately  or  rapidly  motile 
organism  will  (luicldy  diffuse  throughout  the  medium  and  over  the 
surface.  The  efficiency  of  this  medium  seems  to  the  writer  to  be 
impaired  by  the  fact  that  not  only  Bacillus  typhosus  is  rapidly  motile 
but  many  forms  of  Bacillus  coli  are  also.  For  the  purpose  of  com- 
paring the  coconut  cultures  with  those  of  Bacillus  coli,  however,  the 
medium  may  well  be  of  service. 

The  composition  of  the  medium  was  that  described  in  Novy's 
Bacteriology,  page  492.  It  consisted  of  gelatin  5  per  cent,  peptone 
1  per  cent,  agar  0.5  per  cent,  and  NaCl  0.5  per  cent.  The  method  of 
using  it  was  to  pour  into  petri  dishes  and  allow  it  to  solidify.  The 
organism  to  be  tested  was  touched  by  means  of  an  inoculating  needle 
to  the  center  of  the  surface  of  the  medium.  The  Eberth  bacilli  are 
said  to  spread  over  the  entire  surface  of  the  plate  exposed  at  35°  C. 
for  18  hours  and  to  form  a  transparent,  scarcely  visible  growth. 
The  nonmotile  colon  bacilli  will  form  a  small  white  colony  on  the 
surface  without  any  diffusion.  The  motile  colon  bacilli  will  diffuse, 
but  unlike  the  Eberth  bacilli  the  growth  will  be  opaque  and  easily 

visible. 

Stoddart's  plates,  March  18,  1910,  at  22°  C. 
After  18  hours: 

Bacillus  coli,  and  Bacillus  coli  a:  Semiopaque  growth  over  four-fiftha  of  the 

plate. 
Coconut  5,  5  a,  3,  3  a:  Entirely  overgrown  with  semiopaque  growth. 
Coconut  2,  2  a,  6,  and  6  a:  Same  as  B.  coli. 
Coconut  1,  1  a,  4,  and  4  a:  Nine-tenths  overgrown;  semiopaque  growth. 

The  growth  in  all  of  these  plates  was  very  rapid,  semiopaque,  and 
wet  shining.  There  was  practically  no  difference  between  Bacillus 
coli  and  the  coconut  cultures.  Evidently  the  strain  of  Bacillus  coli 
here  used  and  the  coconut  organism  are  rapidly  motile. 

hiss's  tube  medium. 

Dr.  p.  H.  Hiss  has  used  for  differentiating  the  typhoid  bacillus  and 
the  colon  bacillus  a  certain  "tube  medium"  and  another  "plate 
medium."  Only  the  tube  medium  ^  has  been  tried  by  the  writer. 
It  consists  of  dextrose  1  per  cent,  beef  extract  0.5  per  cent,  gelatin 
8  per  cent,  agar  0.5  per  cent,  NaCl  0.5  per  cent.  Ordinary  stab 
cultures  are  made.  The  colon  bacilU  give  rise  to  gas  bubbles, 
whereas  the  Eberth  bacillus  does  not. 

'  Hiss's  tube  medium.  Novy,  Frederick  G.  Laboratory  Work  In  Bacteriology,  p.  494.  Also  Studies 
from  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons,  Columbia  University, 
New  York,  vol.  5,  1897-98,  pt.  2;  and  Journal  of  Medical  Research,  vol.  8, 1902,  pp.  148-167. 
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Hisses  tubes. 

April  14,  1910,  at  22°  C.  One  day:  All  the  tubes,  both  Bacillus  coli  aud  the  coconut, 
show  abundant  gas  bubbles  which  are  well  distributed  (hroughoiil  the  medium. 
Two  days:  Same. 

March  18,  1910,  at  37°  C.  One  day:  In  all  the  tubes  the  medium  is  clouded  through- 
out, and  many  gas  bubbles  are  scattered  throughout. 

In  these  tubes,  as  on  the  Stoddart  plates,  Bacillus  coli  and  the 
coconut  organism  behaved  ahke  and  showed  active  motihty. 

GROWTH   IN    STERILE    MILK. 

Cultures  of  the  coconut  organism  grown  in  sterile  milk  at  room 
temperature  coagulated  the  milk  in  from  three  to  four  days.  It 
became  a  soHd  homogeneous  mass  and  little  or  no  whey  was  extruded. 
No  subsequent  digestion  of  the  curd  took  place.  Incubated  at  37°  C, 
the  organism  usually  caused  coagulation  in  two  or  three  days;  but 
some  variability  was  shown. 

OROWTH   IN    LITMUS   MILK. 

Cultures  grown  in  htmus  milk  (lavender  blue)  usually  changed  the 
color  of  the  medium  witliin  24  hours  to  a  dark  lavender  red,  and 
within  48  hours  it  became  lighter.  At  the  end  of  two  or  tlu-ee  weeks 
the  lower  part  of  the  culture  became  bleached.  The  milk  itself 
gradually  coagulated,  as  in  the  case  of  the  sterile  milk  cultures,  and 
usually  no  whey  was  extruded.  (For  further  discussion  of  growth 
in  plain  and  litmus  milk  see  pp.  94-96.) 

Products  of  Growth  of  the  Organism, 
production  of  indol  and  phenol. 

Cultures  of  the  coconut  organism  were  made  in  Dunham's  solution, 
which  quickly  clouded.  After  six  days  sulphuric  acid  was  added, 
wliich,  even  after  standing,  failed  to  show  any  reaction.  The  addition 
of  sodium  nitrite  to  this,  however,  turned  all  of  the  tubes  strongly  pink 
in  color,  showing  the  presence  of  indol.  This  experiment  was  repeated 
with  cultures  of  eight  days'  growth  and  a  light  pink  resulted  from 
the  test.  A  repetition  of  this  experiment,  using  a  five  daj^s'  growth 
and  comparing  with  Bacillus  coli,  gave  a  light  pink  identical  in  each 
case.  It  is  eAadent  that  this  organism  develops  indol  much  the  same 
as  Bacillus  coli,  but  whether  in  the  end  it  develops  as  much  is  uncer- 
tain. 

Cultures  of  the  coconut  organism,  together  with  four  strains  of 
Bacillus  coli,  were  grown  in  Dunham's  solution.  The  tubes  were 
incubated  at  37°  C.  and  tested  at  the  end  of  10  days.  The  results 
showed  that  all  four  of  the  Bacillus  coli  strains  produced  an  equal 
amount  of  indol,  and  that  each  of  the  coconut  organisms  produced 
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nearly  the  same  amount,  respectively,  except  coconut  No.  3,  which 
showed  as  much  as  Bacillus  coli. 

Other  cultures  of  the  organism  were  made  in  ordinary  bouillon, 
and  an  attempt  was  made  to  separate  indol  and  phenol,  if  present,  by 
distillation.  No  results  were  obtained,  either  by  the  sulphuric-acid 
and  sodium-nitrite  test  for  indol  or  by  the  Millon's  reagent  and  the 
ferric-chlorid  test  for  phenol.  These  experiments  were  repeated 
several  times,  and  the  same  results  were  obtained.  It  would  seem, 
therefore,  that  a  small  amount  of  indol  may  be  produced,  but  no 
phenol. 

PRODUCTION    OP  HYDROGEN    SULPHID. 

Cultures  of  the  coconut  organism  made  in  an  iron-peptone  solution 
had  in  a  week's  time  a  slightly  or  wholly  blackened  precipitate, 
and  the  solution  was  either  inclined  to  be  a  greenish  black  or  was 
intensely  green  and  black,  thus  indicating  the  production  of  hydro- 
gen sulphid.  Lead  acetate  paper  used  for  testing  the  solution  became 
discolored,  also  indicating  the  presence  of  hydrogen  sulphid. 

Cultures  were  also  made  directly  in  a  lead  acetate  solution  with 
peptone  and  showed  a  good  growth.  The  precipitate  in  all  of  the  cul- 
ture tubes  was  black,  indicating  the  production  of  H2S,  while  in  the 
check  tube  the  precipitate  was  wMte.  These  cultures  were  also 
tested  with  lead  acetate  paper,  which  showed  the  brown-black  discol- 
oration typical  of  HjS. 

PRODUCTION    OF  AMMONIA. 

A  250-c.  c.  flask  containing  100  c.  c.  of  beef  bouillon  + 15,  was  inoc- 
ulated with  the  organism  and  incubated  for  18  days.  The  culture 
was  then  distilled  with  the  addition  of  2  grams  of  calcined  magnesia, 
and  to  50  c.  c.  of  the  distillate  was  added  1  c.  c.  Nessler's  solution.  A 
bright  orange-yellow  color  was  produced.  Checks  were  made  by  dis- 
tilhng  over  uninoculated  bouillon  which  gave  a  gray-black  color  with 
Nessler's  solution  and  by  the  use  of  solutions  of  ammonium  hydrate, 
1  to  .1,000,  1  to  5,000,  1  to  4,000,  and  1  to  3,333i  All  of  the  solutions 
containing  ammonia  gave  an  orange  color  on  the  addition  of  Nessler's 
solution.  The  color  of  the  reaction  of  the  culture  most  nearly  corre- 
sponded to  the  check  solution  containing  1  to  4,000  of  ammonia. 

Cultures  were  made  in  Fischer's  solution,  plus  1  per  cent  dextrose, 
plus  1  per  cent  KNO3.  The  solution  contained  dipotassium  phosphate, 
magnesium  sulphite,  and  calcium  chlorid.  The  growth  of  the  organ- 
ism after  three  weeks  was  fair.  The  culture  was  distilled  over  and 
tested  for  ammonia.  The  distillate  showed  the  presence  of  a  very 
small  quantity  of  ammonia,  about  1  to  80,000.  Unfortunately,  how- 
ever, a  check  flask  on  being  distilled  over  also  showed  about  the  same 
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amount  present.  The  only  conclusion  is  that  there  was  some  impu- 
rity in  the  chemical  used.  It  is  probable  that  ammonia  would  be 
produced  only  in  the  presence  of  some  product  as  peptone  or  such  as 
might  be  in  beef  bouillon.  In  a  solution  containing  merely  peptone 
plus  NaCl  (Dunham's  solution)  check  tube  titrated  +9,  and  cultures 
grown  11  days  were  only  +5,  indicating  a  slight  alkali  production. 

ENZYMES   IN   MILK. 

In  the  coagulation  of  milk  by  the  coconu-e  organism  the  question 
arises  whether  the  reaction  was  due  to  the  acid  formed  or  to  an  enzyme 
produced.  This  question  has  been  discussed  by  O'Hehir  ^  and  by 
Savage,2  both  of  whom  claim  that  there  may  be  a  small  degree  of 
enzymatic  action  as  well  as  acid  coagulation. 

Cultures  of  both  the  coconut  organism  and  Bacillus  coli  were  made 
in  sterile  Htmus  milk  tubes.  After  incubation  for  nine  days,  when  a 
good  coagulation  had  taken  place  in  all  the  tubes,  ammonia  was  added 
to  the  tubes  in  quantity  more  than  sufficient  to  neutralize  the  acid  in 
the  cultures.  Practically  complete  dissolution  of  the  curd  quickly 
took  place.  The  only  residue  left  might  be  attributed  to  the  small 
amount  of  fat  in  the  tubes,  as  it  had  not  been  completely  removed 
in  the  preparation  of  the  medium.  This  experiment  would  indicate 
the  coagulation  to  be  entirely  an  acid  one. 

Attempts  were  made  to  free  milk  completely  from  its  fat  by  repeated 
boiling  and  subsequent  skimming  off  of  the  film  formed  on  the  surface, 
but  without  success. 

Dr.  Erwin  F.  Smith  suggested  the  addition  of  calcium  carbonate 
to  the  milk  to  take  up  the  acid  formed  by  the  growth  of  the  organism. 
AccorcUngly,  cultures  were  made  in  Htmus  milk  and  in  plain  sterile 
milk,  both  containing  1 0  per  cent  CaCOg.  Coagulation  took  place,  and 
the  tubes  were  subsequently  treated  with  ammonia.  Their  behavior 
and  appearance  are  shown  in  Tables  XIX  and  XX. 

1  O'Hehir,  C.  Jocelyn.    A  Note  on  the  Coagulation  of  MiLk  by  Bacillus  Coli  Communis.    Journal  of 
Pathology  and  Bacteriology,  vol.  11, 1906-7,  pp.  405-407. 

« Savage,  W.  G.    The  Coagulation  of  Milk  by  Bacillus  Coli  Communis.    Journal  of  Pathology  and  Bac- 
teriology, vol.  10, 1904-5,  pp.  90-97. 
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Table  XIX. — Coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  in  litmus  milk  with  calcium 

carbonate,  at  37°  C,  May  21  to  June  6, 1910. 


Untreated. 

Ammonia  added  in  excess. 

Culture. 

4  days. 

5  and  6  days. 

Immediate  effect. 

After  standing  3 
days. 

land  la... 
2 and  2a... 
3  and  3  a... 

Soft  curd   with   one- 
fifth     whey;  laven- 
der color. 

Bleached    except    for 
thin  pink  layer  at 
top;  firm  curd. 

Lavender;  semisolid . . 

do 

Pale  lavender  and 
semisolid. 

Same  as  on  fourth  day . 
do 

Does   not   appear   to 
dissolve  the  curd. 

Apparently  all      dis- 
solved. 

Apparently    no    dis- 
solving. 

No  residue  remain- 
ing. 

4  and  4  a... 

SandSa... 
6and6a... 
Bacil  lus 

Pink;  firm  curd 

Same  as  cultures  3  and 

3  a. 
Half    bleached,    rest 

pink;     curd     firm; 

some  whey. 

Lavender;  firmcurd.. 

Pale  lavender;    semi- 
solid. 
Same  as  on  fourth  day . 

No  dissolving  discern- 
ible. 
No  dissolving  action. . . 

do 

Do. 
Do. 
Do 

coli    and 
Bacillus 
coli  a. 

Table  XX. — Coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  in  plain  sterile  milk  with 
calcium  carbonate,  at  37°C.,  May  27  to  June  6,  1910. 


flnltnrp 

Untreated. 

Ammonia  added  In  excess. 

4  days. 

5  and  6  days. 

Immediate  effect. 

After  standing  3  days. 

1  b  and  Ic 

2  band  2  c 

A    soft   curd; 
about    one- 
fifth  whey. 
do 

Part  firm  curd  and  rest 
whey;    less  whey  in 

1  c  than  in  1  b. 

2  b,  fairly  firm  curd; 

2  c.    almost    solid; 
moaerate  amount  of 
whey  in  both. 

3  b,  almost  solid;  3  c, 
semisolid.      Moder- 
ate amount  of  whey 
in  both. 

Fairly  firmcurd;  mod- 
erate amount  of 
whey. 

Solid  curd  with  small 
amount  of  whey. 

Soft;  slightly  acid  to 
neutral  litmus  paper. 

Solid  curds  with  small 
amount  of  whey. 

Apparently  no  effect 
in  dissolving. 

do 

Curd     appears     com- 
pletely dissolved. 

2  b,  appears  completely 
dissolved;  2  c,  shows 
a  translucent  gelati- 
nous portion. 

Both  show  a  translu- 
cent gelatinous  por- 
tion. 

Appear  completely  dis- 
solved. 

Thick  gelatinous, 
translucent  mass. 

6  b,  shows  a  thin  gelat- 
inous, translucent 
layer  at  bottom. 

Both    have   a   transln- 

3  b  and  3  c 

do 

do... 

4  band  4  c 

5band5c 

do 

do 

do 

do 

6b  and6c 

do 

do 

Bacillus  coli  b 

do 

do 

and  c. 

cent  gelatinous  por- 
tion. 

From  these  experiments  it  will  be  seen  in  the  first  place  that  the 
CaCOg  did  not  entirel}^  prevent  the  acid  from  producing  an  effect  on 
the  litmus,  i.  e.,  reddening  it.  Consequently,  the  curd  produced 
may  have  been  the  result  of  this  acid.  "When  the  ammonia  was 
added  it  appeared  to  have  no  determinate  immediate  effect.  The 
curd  was  finally  broken  up  by  means  of  a  glass  rod  and  thoroughly 
mixed  with  the  ammonia.  The  broken  fragments  of  curd  showed  no 
sign  of  immediate  disappearance;  but  after  the  tubes  were  allowed 
to  stand  for  three  days  there  were  no  signs  whatever  of  the  curd  in 
certain  tubes 
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filter  paper  without  leaving  the  slightest  trace  of  residue  other  than 
what  was  apparently  the  CaCOg.  In  other  tubes,  on  the  contrary, 
there  still  persisted,  not  a  distinct  curd,  but  a  residue,  gelatinous  in 
appearance — a  small  amount  in  several  tubes,  but  a  large  amount  in 
others.  The  nature  of  this  mass  was  not  ascertained.  It  was  by  no 
means  similar  to  the  cheesy  curd  of  acid  formation;  yet  it  appeared 
to  represent  a  coagulation  of  some  sort.  These  experiments  seem  to 
justify  the  conclusion  that  the  major  part  of  coagulation  is  caused  by 
the  acid  formation,  but  that  a  small  amount  of  coagulation  may  also 
be  due  to  an  enzymatic  action. 

PRODUCTION    OF   ALCOHOLS,    ALDEHYDES,    AND   ACETONE. 

In  testmg  for  alcohols,  aldehydes,  and  acetone  500  c.  c.  of  a  medium 
consisting  of  peptone  and  dextrose,  to  which  10  c.  c.  of  calcium 
carbonate  was  added,  was  inoculated  m  a  liter  flask  and  incubated 
at  37°  C.  In  two  days  the  organisms  had  produced  a  large  amount 
of  gas  which,  however,  had  completely  disappeared  in  seven  days. 
Then  a  cubic  centimeter  of  paraffin  was  thrown  into  the  cultivation 
and  the  flask  was  connected  %vith  a  condenser  for  distillation.  The 
paraffin  was  for  the  purpose  of  forming  a  thin  layer  over  the  sur- 
face of  the  fluid  to  prevent  frothing  up  and  running  over  into  the 
condenser.  The  distillate  obtained  was  about  300  c.  c,  which  was 
then  tested  for  alcohols,  aldehydes,  and  acetones.  It  was  divided 
into  four  portions  and  tested.  To  one  portion  was  added  Lugol's 
iodin  (iodm,  1  gram;  iodid  of  potassium,  3  grams;  distilled  water,  300 
c.  c),  then  a  little  NaOH  solution  to  the  liquid,  which  was  stirred 
with  a  glass  rod.  Abundant  pale-yellow  crystalline  precipitate  was 
formed,  which  indicated  the  presence  of  iodoform,  which  was  very 
evident  also  from  the  odor.  This  reaction  indicated  that  either  alco- 
hol, aldehyde,  or  acetone  was  present,  and  further  tests  were  made 
for  their  identification. 

To  a  portion  of  the  solution  enough  ammonia  was  added  to  make 
the  solution  strongly  alkaline  and  then  gradually  a  solution  of  iodin 
in  ammonium  iodid  was  added.  A  black  precipitate  formed,^  but 
no  other  change  took  place,  thus  indicatmg  the  absence  of  acetone. 

In  order  to  determine  the  presence  of  alcohol,  1  cubic  centimeter 
of  molybdic  acid  was  gently  warmed  m  10  c.  c.  of  strong  II2SO4,  and 
then  a  few  drops  of  the  distillate  were  added  and  warmed  in  a  porce- 
lain dish  for  a  few  moments.  A  bright  Prussian-blue  color  resulted, 
indicating  the  presence  of  an  alcohol. 

In  order  to  test  for  the  presence  of  an  aldehyde,  a  solution  of  phenol 
in  excess  of  sulphuric  acid  was  made  up  and  to  it  was  added  a  small 
amount  of  the  distillate.     The  absence  of  any  resuUing  dark-red  color 

'  M.  Scniel  says  (Archives  M6dlcales  Beiges,  ser.  4,  vol.  1,  1893,  pp.  9-33)  that  acetone  Is  reported  as 
occurring  in  Bacillus  coli  cultures. 
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on  warming  the  mixture  indicated  the  absence  of  any  aldehydes. 
From  this  distillate  the  presence  of  alcohol  only  was  thus  demon- 
strated. 

PRODUCTION    OP   VOLATILE    AND    FIXED   ACIDS. 

The  residue  from  the  distillate  for  alcohol  was  used  for  detection  of 
acid  production.  The  flask  was  disconnected  from  the  condenser  and 
the  calcium  carbonate  filtered  from  the  residue.  Ten  cubic  centimeters 
of  concentrated  hydrochloric  acid  were  then  added  to  this  filtrate 
and  mixed  well.  The  calcium  remaining  in  the  filtrate  was  precipi- 
tated by  adding  sodium  carbonate  solution  to  alkalinity.  The  mix- 
ture was  thoroughly  boiled  to  insure  complete  precipitation.  It  was 
then  filtered  and  20  c.  c.  of  25  per  cent  sulphuric  acid  were  added  to 
the  filtrate  for  the  purpose  of  liberating  the  volatile  acids;  finally  the 
filtrate  was  ciistilled  as  completely  as  possible.  (This  distillate  will 
contain  the  volatile  acid,  if  one  be  present.)  The  solution  was  first 
saturated  with  baryta  water  to  alkalinity  and  then  evaporated  to 
dryness.  To  this  20  c.  c.  of  absolute  alcohol  were  added,  and  it  was 
allowed  to  st£ind  with  frequent  stirring  for  about  three  hours,  when 
it  was  filtered  and  washed  with  alcohol.  This  last  filtrate  should 
contain  barium  propionate  and  barium  butyrate,  if  present.  The 
filtrate  was  evaporated  to  dryness;  the  residue  was  dissolved  in  150 
c.  c.  of  water  and  saturated  with  calcium  chlorid.  It  was  then  dis- 
tilled and  the  distillate  tested  for  butyric  acid.  Three  cubic  centi- 
meters of  alcohol  and  four  drops  of  concentrated  sulphuric  acid  were 
added  to  a  part  of  the  solution,  but  there  was  no  resultant  pineapple 
odor  to  indicate  the  presence  of  butyric  acid.  The  propionic  acid 
was  not  given  a  special  test. 

The  residue  from  the  alcohol  washing  described  in  the  previous 
paragraph  was  treated  for  barium  acetate  and  barium  formate.  It 
was  first  dried,  and  the  residue  dissolved  in  the  filter  in  hot  water, 
and  the  resultant  solution  was  divided  into  four  portions.  To  one 
portion  was  added  ferric-chlorid  solution,  and  the  absence  of  any 
brown  color  gave  negative  results  for  the  presence  of  acetic  or  formic 
acid.  To  another  portion  silver-nitrate  solution  was  added  and  then 
one  drop  of  ammonium  water,  and  the  solution  was  boiled.  A  black 
precipitate  resulted  from  this,  which  indicated  the  presence  of  formic 
acid.  To  another  portion  a  few  drops  of  mercuric-chlorid  solution 
were  added  and  heated  to  70°  C.  There  was,  however,  no  distinct 
precipitate  of  mercurous  chlorid  nor  a  formation  of  a  metallic  mirror. 
Thus,  the  tests  suggested  the  presence  of  formic  acid  without  abso- 
lutely proving  it,  while  they  indicated  the  absence  of  acetic  acid. 

The  residue  remaining  from  the  distillation  of  the  mixture  after 
the  addition  of  sulphuric  acid  was  tested  for  the  fixed  acids.     It  was 
evaporated  to  a  syrup  and  then  extracted  with  ether  by  agitation  in 
6389°— Bui.  228—12 7 
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the  separately  funnel.  The  ethereal  extract  was  evaporated  to  a 
syrup  and  a  small  residue  was  left,  thus  suggesting  the  presence  of 
either  lactic,  oxalic,  or  succinic  acid.  To  the  extract  was  added  and 
thoroughly  mixed  100  c.  c.  of  water.  Then  an  excess  of  zinc  oxid 
was  added,  and  the  mixture  was  heated  nearly  to  boilmg  and  filtered. 
To  6  c.  c.  of  the  filtrate  were  added  4  c.  c.  of  concentrated  sulphuric 
acid,  and  the  whole  was  warmed  to  75°  C.  The  absence  of  any  crim- 
son color  mdicated  the  absence  of  glycocholic,  taurochohc,  or  cholic 

acid. 

To  another  portion  of  the  filtrate  was  added  Lugol's  iodin,  and  the 
absence  of  any  blue  color  here  also  indicated  the  absence  of  any 
chloric  acid.  Another  portion  of  the  filtrate  was  acidified  with  hydro- 
chloric acid.  Ammonia  was  added  in  slight  excess,  and  the  excess 
then  boiled  oflF.  A  solution  of  cobalt  nitrate  was  added,  and  absence 
of  any  lactic  acid  was  indicated  by  the  lack  of  a  violet  color. 

Another  portion  of  the  filtrate  was  evaporated  to  dryness  and  then 
dissolved  in  10  c.  c.  of  hot  water  and  allowed  to  crystallize,  but  there 
resulted  only  a  yellowish  amorphous  mass  which  indicated  the  absence 
of  any  crystals  of  zinc  lactate. 

The  residue  left  from  the  filtermg  after  the  addition  of  zinc  oxid 
was  dissolved  in  hydrochloric  acid  on  the  filter,  and  then  a  portion 
tested  for  oxalic  acid  as  follows: 

It  was  neutralized  with  ammonia  until  faintly  alkaline,  and  then  a 
solution  of  calcium  chlorid  was  added.  There  was  no  resultant  white 
precipitate  of  calcium  oxalate,  which  indicated  the  absence  of  oxalic 

acid. 

Another  portion  of  this  filtered  residue  was  neutrahzed  with  am- 
monia, and  the  excess  boiled  off.  To  a  portion  of  this  was  added 
ferric-chlorid  solution  on  a  glass  rod.  A  distinct  red-brown  colora- 
tion showed  the  presence  of  succinic  acid.  The  absence  of  buff 
coloration  indicated  the  lack  of  any  benzoic  or  hippuric  acid  in  the 
solution ;  the  absence  of  a  violet  coloration  indicated  the  lack  of  any 
salicyhc  acid;  and  the  absence  of  an  inky  coloration  indicated  the 
lack  of  tannic  or  gallic  acid  in  the  solution. 

This  last  series  of  tests  for  oxalic,  succinic,  benzoic,  hippuric,  sali- 
cyhc, tannic,  and  lactic  acids  was  repeated,  and  the  same  results 
obtained. 

So  far  as  this  analysis  shows,  only  succinic  acid  was  certainly 
demonstrated  to  be  present,  and  possibly  formic.  It  has  been  shown 
by  other  investigators  '  that  in  the  case  of  Bacillus  coli,  acetic,  formic, 

I  M.  Scmel  reported  (Archives  M6dlcales  Beiges,  ser.  4,  vol.  1, 1893,  pp.  &-33)  finding  lactic,  acetic,  and 
formic  adds. 

Leo.  F.  Reltger  (Studies  from  the  Rockefeller  Institute  for  Medical  Kesearch ,  vol.  1, 1904,  pp.  284-293) 
reports  finding  in  egg-meat  cultures  of  Bacillus  cnli,  indol,  skatol,  phenols,  aromatic  oxyacids,  skatol- 
ciirbonic  acid,  leucln,  tyrosin,  trylophan,  hydrogen  disulphid,  mercaptan,  albumoscs,  and  peptones. 

Arthur  Harden  (.Tournal  of  Hygiene,  vol.  5,  lOO.I,  pp.  488-493)  states  that  he  found  lactic  acid,  acetic  acid, 
and  a  small  amount  of  succinic  acid  present  in  glucose  cultures  of  Bacillus  coli. 
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and  lactic  acids  were  present,  and  succinic  in  small  amount.  The 
coconut  organism  is  so  similar  to  Bacillus  coli  in  its  cultural  charac- 
teristics that  it  would  be  very  surprising  if  it  were  not  likewise  simi- 
lar in  its  chemical  products.  The  foregoing  single  analysis  is  not 
sufficient  to  show  that  they  are  not  the  same  in  this  respect,  and  it 
should  be  repeated. 

Dr.  Smith  gave  flasks  of  this  organism  (grown  in  river  water  con- 
taining Witte's  peptone,  Merck's  dextrose,  and  calcium  carbonate) 
to  Dr.  Carl  L.  Alsberg  for  quantitative  chemical  analysis,  who 
reported  as  follows: 

Received  from  Dr.  Erwin  F.  Smith,  February  23,  1910,  one  flask  labeled  "4101 
February  4,  1910,  Coconut  from  Agar,  February  2,  5083,  fr.  5  January  26." 

The  culture  flask  contained  a  white  deposit,  which  on  close  inspection  was  seen 
not  to  be  homogeneous,  for  in  addition  to  the  calcium  carbonate  put  into  the  flasks 
before  inoculation  there  were  a  few  crystalline  crusts,  the  total  bulk  of  which  was 
small.  The  precipitate  was  removed  by  filtration.  The  filtrate  was  acid  and  on 
warming  some  carbonic  acid  gas  was  liberated. 

A  part  of  the  culture  liquid  filtered  free  from  the  calcium  carbonate  was  acidified 
with  sulphuric  acid  and  exhausted  with  ether.  The  ether  on  evaporation  left  a  mass 
of  white  crystals  which  after  repeated  recrystallization  from  hot  water  had  a  melting 
point  of  183^°  C.  uncorr.  These  crystals  gave  a  very  powerful  pyrrol  reaction  (Neu- 
berg).  The  aqueous  solution  was  neutralized  with  ammonia  and  an  excess  of  silver 
nitrate  added.  The  resulting  white  silver  salt  was  filtered  off  with  suction  and  washed 
successively  with  water,  alcohol,  and  ether.  After  drying  in  a  desiccator  0.6655 
gram  was  weighed  into  a  crucible  and  ignited  to  constant  weight.  0.4305  gram 
silver  remained,  or  65.12  per  cent.  The  amount  calculated  for  silver  succinate  is 
64.70  per  cent.  On  the  basis  of  the  silver  content  of  the  silver  salt,  the  melting 
point  of  the  free  acid,  and  the  pyrrol  reaction,  it  is  safe  to  say  that  this  substance  is 
undoubtedly  succinic  acid. 

The  mother  liquor  from  which  the  succinic  acid  had  been  removed  was  subjected 
to  distillation  with  steam.  The  distillate  was  quite  acid.  It  was  neutralized  with 
ammonia,  and  silver  nitrate  added.  The  latter  was  immediately  reduced  to  metallic 
silver,  so  that  formic  acid  was  probably  present.  The  black  silver  precipitate  was 
removed,  and  the  clear  filtrate  concentrated  in  a  desiccator.  A  crystalline  crust,  gray 
in  color,  formed  in  the  course  of  a  few  days.  This  was  removed,  washed  and  dried, 
and,  though  obviously  impure,  its  silver  content  was  determined.  0.2305  gram 
yielded  0.1365  gram  silver,  or  59.23  per  cent.  As  this  corresponds  neither  to  silver 
acetate  (64.67  per  cent  Ag)  nor  to  silver  propionate  (59.67  per  cent  Ag),  and  as  the 
preparation  was  obviously  impm-e,  the  determination  was  repeated. 

Another  culture  was  taken  and  after  removal  of  the  calcium  carbonate  distilled 
with  the  addition  of  a  little  sirupy  phosphoric  acid.  The  acids  in  the  distillate  were 
converted  into  the  barium  salts  by  evaporating  on  the  water  bath  with  an  excess  of 
barium  carbonate.  To  the  solution  of  the  barium  salts  an  amount  of  silver  nitrate 
was  added  sufficient  to  combine  with  only  a  portion  of  the  acid.  On  standing  over 
night  beautiful  long  white  needles  were  formed.  These  were  removed,  washed  and 
dried,  and  the  silver  content  determined.  0.3925  gram  yielded  0.2530  gram  silver, 
or  64.46  per  cent.  Silver  acetate  contains  64.67  per  cent.  It  is  therefore  evident 
that  beside  formic  acid  there  can  be  present  no  other  volatile  acid  but  acetic. 

The  presence  of  formic  acid  was  further  verified  by  distilling  a  fresh  portion  of  the 
culture  liquid  after  it  had  been  rendered  faintly  alkaline  with  sodium  carbonate. 
Under  these  conditions  any  aldehyde  which  may  have  reduced  the  silver  in  the 
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preceding  experiments,  would  distill  over,  while  all  the  volatile  acids  would  remain 
behind.  The  distillate  failed  to  reduce  ammoniacal  silver  solution,  thus  demonstrat- 
ing the  absence  of  volatile  aldehydes.  The  distillate  did,  however,  give  a  powerful 
iodoform  test,  showing  the  presence  of  alcohol. 

The  residue  from  the  distillation  was  made  acid  with  syrupy  phosphoric  acid  and 
distilled  again  to  drive  over  volatile  acids.  The  presence  of  formic  acid  was  verified 
in  an  aliquot  part  of  the  distillate  by  the  reduction  of  mercuric  chloride  in  the  presence 
of  sodiimi  acetate.  The  calomel  formed  was  weighed,  so  that  the  formic  acid  con- 
tained in  one  cultm-e  flask  was  estimated  quantitatively  with  some  degree  of  accuracy. 
The  700  c.  c  of  the  culture  liquid  contained  0.197  gram  formic  acid. 

With  ferric  chloride  the  distillate  gave  a  deep  blood-red  color  characteristic  of  ferric 
acetate,  a  verification  of  the  finding  of  acetic  acid. 

The  crystalline  crusts  mentioned  in  the  beginning  of  this  paper  seemed  to  consist 
mainly  of  calcium  succinate.  Oxalic  acid  could  not  be  found.  Lactic  acid  could 
not  be  found. 

The  culture  liquid  still  reduced  Fehling's  solution  powerfully.  This  was  at  first 
supposed  to  be  due  to  the  presence  of  unfermented  glucose.  However,  the  presence 
of  formic  acid  was  certainly  responsible  for  a  part  if  not  all  of  this  reduction.  The 
culture  liquid  was  not  tested  for  glucose,  so  that  the  presence  of  glucose  was  not  decided. 

Summary:  The  organism  forms  much  succinic  acid  and  alcohol,  as  well  as  appre- 
ciable quantities  of  acetic  and  formic  acid. 

REDUCTION   OF  COLORS. 

Cultures  in  litmus  milk  soon  turned  red  and  eventually  usually- 
bleached,  at  least  in  the  lower  part.  The  entire  culture  never  lost 
its  color,  but  frequently  the  lower  one-half  to  two-thirds  became 
reduced. 

Cultures  in  litmus  bouillon  also  reddened  and  either  became 
almost  entirely  bleached  or  partially  so. 

Cultures  in  fermentation  tubes  containing  beef  bouillon  and  1  per 
cent  cane  sugar  and  litmus  became  entirely  bleached  in  the  closed 
end,  but  unchanged  in  the  open  end  of  the  tubes,  both  in  the  case  of 
Bacillus  coli  and  of  the  coconut  organism.  When  the  tubes  are 
made  up  with  a  higher  per  cent  of  sugar,  for  instance,  3  or  5  per 
cent,  the  closed  end  of  the  tube  becomes  bleached  on  steaming  and 
expulsion  of  the  air  from  that  end.  According  to  Dr.  Theobald 
Smith,^  cultures  of  Bacillus  coli  grown  in  these  tubes  of  litmus-sugar 
bouillon  with  the  bleached  closed  ends  cause  the  return  of  the  Utmus 
color.     This  reaction  has  not  been  tried  by  the  writer. 

A  series  of  cultures  was  made  in  Dunham's  solution  (1  per  cent 
peptone  plus  0.5  per  cent  NaCl)  and  litmus;  in  Dunham's  solution 
plus  indigo  carmine,  and  in  Dunham's  solution  plus  methylene  blue, 
both  with  and  \\dthout  grape  sugar.  In  the  cultures  with  litmus, 
in  one  experiment,  the  color  was  reduced  only  in  the  tubes  contain- 
ing grape  sugar.     When  cultures  were  grown  in  another  lot  of  the 

'Smith,  Theobald.    The  Fermentation  Tube.    The  Wilder  Quarter-Century  Book,  1893,  p.  190. 
228 


LABORATORY    AND    GREENHOUSE    STUDIES.  101 

Dunham's  solution  plus  litmus  with  and  without  grape  sugar,  reduc- 
tion either  entire  or  partial  took  place. 

In  the  Dunham's  solution  cultures  containing  indigo  carmine 
there  was  no  reduction  either  in  the  tubes  with  sugar  or  in  those 
without. 

In  the  Dunham's  solution  cultures  containing  methylene  blue 
there  was  no  reduction  in  color  except  in  one  tube  containing  the 
grape  sugar. 

From  these  experiments  it  would  seem  that  a  reducing  agent  is 
not  always  produced  and  does  not  affect  all  colors.  As  seen  on 
other  pages  (pp.  69,  80,  1 15)  cultures  were  made  in  neutral  red  and  in 
rosolic  acid.  In  these  cases,  however,  the  action  was  a  complex  one 
caused  by  the  presence  of  an  acid  or  an  alkali,  so  that  a  clear  reducing 
action  could  not  be  determined;  there  would  seem  to  be  one  in 
neutral  red  but  not  in  rosolic  acid. 

Growth  on  Miscellaneous  Culture  Media. 

The  media  used  in  the  following  experiments  are  for  the  most  part 
such  as  are  commonly  used  in  general  cultural  studies  of  a  bacterial 
organism.  In  some  cases  they  have  little  or  no  value  in  diagnostic 
work,  but  they  serve  as  means  to  increase  our  knowledge  of  the  hfe 
processes  of  the  organism  under  investigation.  In  a  few  cases  the 
media  used  were  originally  recommended  by  their  authors  as  means 
of  diagnosing  or  differentiating  Bacillus  coli  from  other  organisms. 
For  various  reasons,  under  the  writer's  manipulations  some  of  these 
tests  have  failed  of  their  original  purpose,  but  will  here  serve  well  as 
a  means  of  comparison  between  the  coconut  organism  and  Bacillus 
coli. 

NITROGEN-FREE  MEDIA. 

Cultures  were  made  in  a  nitrogen-free  nutrient  medium  plus  various 
chemicals  containing  nitrogen  to  ascertain  from  which  the  organism 
could  obtain  its  supply.  Three  salts  of  ammonium  (tartrate,  citrate, 
and  lactate),  asparagin,  and  sodium  asparaginate  were  used.  The 
nutrient  medium  was  made  up  in  the  proportion  of  1,000  c.c.  triple 
distilled  water,  5  grams  of  cane  sugar,  2  grams  of  monopotassium 
phosphate,  0.1  gram  of  magnesium  sulphate,  and  0.5  gram  of  sodium 
chlorid. 

228 


102 


HISTORY   AND    CAUSE    OF    THE    COCONUT    BUD-EOT. 


<f- 

(N 

o 

^ 

H 

c: 

'i" 

P4 

< 

M 

» 

(H 

se 

H 

1 

« 

~< 

w 

^ 

Pm 

« 

■>;» 

w 

o 


P5 


3 

a 
o 
o 
o 
O 


3 


a 
o 

o 

o 

o 


13 

d 
o 
o 
o 


3 

a 
o 
o 
o 

o 


3 

a 
o 
u 

o 

O 


3 
O 
o 
o 
o 
U 


§ 


15 

O   O 


3 
O 


o 


>.,  o      o 


0)     . 


■3o2 


>.d-. 


C3      '   ;^ 


o 


3 
o 

"3  o  o  o 


■^3 


■73 

3   QJ  p- 

2i?» 


o  o  o 


-a 

3 
o 

o 

_>>6--  d 


"5    'S 


3 
o 


•3  e^' 


•3 
3 
_o 

"3  13 

>^ 

<u  3 


■3  "3 

l-g 

—•'3  d 
C--3 


P5; 


<i> 


o    ;  c3 
>>o-2  o 

a,'C  ■S'3 


-3 
at 

'rt  '3  00 
-3   0^   — 

0-3  _g 


■3 

"o— ) 

—  "3 
a>  3 

^=  = 
t-  o  o 


■a 

<u_ 

§■3 

^"3  d 

3— "3 

2>  ■ 


•3 
3 
o 


^ 


T3 

"3 


o  o  o  o 


>''S  6  "a 
oj^'3S 


n 


3ii  c  3 

5'S25 


©■g 


^«  o 

s^  ■ 


o  o  o 

■3 -3 -3 


■3 
■3 


0-3 
«  3 

uh  o  o  o 


T3 

3 

o 


a* 


-3 
•3 

_s 


o  o  o 

'O  '3  "3 


fe 


5 


•2   >'  >'  >'  ^ 

O  T3  -C  ^3  ,^ 
C  T-t  lO  Cl  »-H 


C45 

»-  o  o  o 


C  «  a 


i2'3 


■3 

3 

_o 

>^ 

4)  3 


u  o  O 

Is 


_^  CO   C/3   >t 

"3  >>  >■  t*"  C3 

3  c3  a  ca-o 
0"3"3'3^ 


"3  "3 
-C!'3 
O  S 

"3  a 
pan 


•3 

QJ 

•3  , 
3  o 
0-. 

<U  3 
^-  o 


3       <»    - 

O  1^,^  =^ 
-X       ^3  — 

o  <u  a;  *-  2 

aj  -  o  3*3 

fc-  o  —  ■— 

ma    ^ 


o  C3  —      .3 
o  oj  a>    ;  « 

"3-3  3  6^ 


■C'3 

"3  c 


I  a 


—       ^T"  3 

o  »  «  «J  o 

i:'^3^-" 
£  o5  3  — 
S®-32^ 


<a 


o 


~  oB'^-B 


■3 
3 
_o 
o 


a> 


o  <u  "iJ 

O-rJ  S  O  o 

:r  „  0-3  = 


a   •  «  «  >» 

•-  >.  >i  !>>  c3 


g-a-a-B 


C3  ^  lO  0  rH 

p. 


'"        3 


3 

'So 
p< 


e  c!  c3 
£•3 -3 


■3 
o 


t->c8 

01  1— < 


228 


LABORATORY  AND  GREENHOUSE   STUDIES. 


103 


o 

05 


K 
o 
« 

o 


M 


i 

•6 

^ 

1 

■0 

3 

3 

a> 

o>    D 
-.  0 

■S 

"S 

0 

"5 

d 

0) 

■a 

•a 

"3 

■d« 

•go 

0 

0 

3 
0 

=;     g 

£?      G~ 

"3     C^ 

3  a^ 

3  aj 

'0 

"o 

+j 

0  *-" 

0  ■*-' 

M 

ce 

.ii  ca 

—  03 

>> 

e>> 

Ui 

0  >-. 

'^  Ir 

"3 
PP 

pq     0 

■d 
0 

a 

^-t  ai 

!?a 

:        ^• 

>> 

t>. 

>> 

i       ^-. 

^^ 

^- 

^-« 

!           0 

v 

Ol 

0) 

to 

1          4-^ 

-l-> 

"'  -^ 

" -1^ 

1 

033  ^ 
■-"do 

^  ra  -- 

14 

1-d 

U 

"o 

t3 

»^^ 

5^^ 

1^^ 

CJ 

>1 

■0  3 

•73  3 

o-a  3 

"■3  3 

■3 
;-< 
03 
PQ 

Clear 

1 

M  0 

clo 

0° 

1=1 

?;a 

-o 

■a 

■■d 

t-t 

0) 

a> 

■  a) 

T3 

■a 

:t3 

'""' 

3 

3  , 

.  3 

<D 

10 

_o 

0 

M    0 

"^  +j 

•4^ 

0 

0 

•do 

"^  ^ 

3 

a 

_^ 

^ 

>.   5" 

-§>. 

OJ  03g 

"3 

^— ' 

a»      0 

3  V 

ti 

-M 

0  Ti 

0  a)  aj 

0 

(3 

C3 

—  C3 

—      -3 

■a 

d          d 
T)        -a 

•0 

— .  a; 

«^-3  3 

0 

0 

^  0 

a)       „ 

S 

s 

^a 

?:a 

:       '^^ 

>> 

>% 

k» 

i           ^-t 

^^ 

^^ 

^^ 

'                D 

» 

« 

CD 

■^ 

-g 

•               ^^ 

-M 

1^ 

"■  +^ 

5 

1 

3 

'             033  ^ 

c3-  ^ 

-•30 

a>  03  00 
l^-d 

3  "-TJ 

■3 

"o 

a>ii 

aj  a; 

0  a>  « 

0  <u^ 

0 

> 

''^ 

T3 

7i      "^ 

"3     ^ 

^ 

'?,           T3  3 

■0  3 

"-3  3 

£ 

^            0^ 

o3 

^a 

i?a 

C3 

cq 

0     s 

0 

•         >» 

(» 

>. 

>» 

^^ 

^^ 

^^ 

^H 

O) 

» 

0) 

0) 

m 

1 

-t-3 

-^^ 

=''*- 

'"     -4-> 

3 
d 

0 

S 

■               C3-   ^ 

:       -do 

03-  ^ 

at  c3  — 
1-d 

•3 
«=3S 

3>-'3 

0 

"S 

m  a) 

a>  a; 

0  aj  ® 

0  a>  » 

0 

> 

•0 

■a 

-t      "3 

T-       "3 

a 

'?.           T3  3 

■^3 

"-3  3 

o-a  - 

"a 

S          o5 

o5 

15^ 

—  o5 

^a^ 

« 
P 

OJ                    0 

6     a 

0 

a 

■c 

■d 

•'3 

W 

0. 

a) 

•  a) 

TT 

T3 

:t3 

'"' 

3 

.  3 

QJ 

c^ 

C 

0 

<N     _0 

■*-> 

-)^ 

"t 

■3 

■do 

T? 

3 

> 

s" 

>.     C 

^>. 

0 

"o 

"3     c 

3  <u 

0 

4^ 

o*i 

00^ 

0 

n 

i3 

—  03 

— .      -^ 

0 

a 

d          0 

■a 

"•33 

1 

1 

^a 

^     0 

t: 

■d 

■3 

!  ^* 

a 

a> 

a; 

x 

73 

.-3 

.  — 

3 

.    CJ 

*. 

J 

_o 

».  0 

2 

-4-9 

"t 

■3 

■3  "3 

"d  - 

_> 

■     z        ^    z        -S^- 

a,  c3o 

"3  V,     • 

0 

"a 

'■— ^           a<       *— '           3  QJ 

3  „^ 

0 

+• 

-♦-> 

o-y 

0  «  a> 

0 

0 

c 

Q 

1  d            C 

> 
3 

■0 

2i 

0^? 

C 

0 

a 

^a 

0)         „ 

tsa 

rj 

3 

oj 

a> 

c- 

■1 

d 
0 

)  C3 

2 

■♦-3 

:  :     t 

•    *^ 

'.    ',     '3 

03 

a 
'5i 

2 

C3 

c 

i42 
.  3 
■  0 
3  « 

a 

•  w    a 

tr 

a 

V 

.. 

•    OT 

P^ 

:«       1 

I 

3  s 

■J  >-.      3  w      > 

^  3 «   > 

■?3   >.o3 

S^& 

■3 ; 

3^3        0  03       1- 

r  c^    a  ^    ?" 

9"*   ^ 

arag 
4  da 
21  d 

1^2 

^ 

1 

p. 

GO 

■3 
0 

< 

-*: 

-!j 

■< 

M 

I 

5 


-   - '  ^ 

1  o  o  o 


r  0 

■J  03 

«a 


^        3  3 

a^s  sa 

.-  o  a  S 

i^£  s 

■3  ft'te  ti  -3  3      P- 

''  rl5— —  —     •  "" 

-g-Soootn.-t; 

ft^   g  W  W  Wffl^ 

&  j:;  3  s  g  S  t>.=^ 

fcH  P^i     Q)  o  a;>  "^  .  ^ 

S-S  ca  03  03  ?>3 
f^.-tl  03  -*^  *J  -^  3  3 

•«-=". ^3 -3  oK§ 

.  -  O   oi   QJi   O  .  ^  03 
— i  3  p  t-  t-  u  ^ 
w  3  ^aftp<_§ 

>,«  jj  3  3  3 13 

03  o3  o  o  o-S-a 

aj  o-^  t,  v^  tj43  O 

ao^sapQEna 


03  ' 


■P^M 


«    ro    -n- 


•^     C<     C4     M 


03 


ilai 


a> 


p,.3;tc 

•3=3-=! 


■ftp. 


a 


!>.-°s  s  fc«  ac 

03  o  c-ii  03  o^.y 
a>o•3J5a)oO^ 

ffloanoO^iH 


r-   OD   o»    o    ^ 


228 


104 


HISTORY  AND   CAUSE   OF    THE    COCONUT   BUD-ROT. 


The  two  experiments  show  very  much  the  same  results,  the  only 
difference  being  a  browning  of  the  solution  and  precipitate  of  the 
scantily  grouang  cidtures  in  the  second  experiment.  In  these  experi- 
ments cultures  Nos.  1,  2,  and  5  seem  to  be  identical;  and  3,  4,  6, 
and  Bacillus  coli  identical  with  each  other  and  different  from  1,  2, 
and  5.  This  variation  may  not,  however,  be  constant,  and  is  cer- 
tainly not  of  specific  value.  Considering  these  groups  different,  it 
would  show  the  follo^nng  improbable  results:  No.  3  (505  N)  was 
inoculated  into  a  tree  producing  a  disease  from  which  was  isolated 
No.  2  (505  S)  identical  with  it.  No.  2  was  inoculated  into  a  tree  and 
produced  the  disease  and  from  it  was  isolated  No.  1  (505  R),  an 
organism  differing  shghtly  in  the  growth  in  the  nitrogen  compound. 
No.  1  was  not  tried  to  see  if  it  has  the  same  pathogenic  properties  as 
No.  2.  Again,  No.  6  (508  N),  identical  -wdth  No.  3,  was  inoculated 
into  a  tree  and  produced  a  disease  from  which  was  isolated  No.  5 
(508  S),  identical  with  Nos.  1  and  2,  but  different  from  No.  4.  Then 
No.  5  was  inocidated  into  another  tree,  and  from  the  resulting  dis- 
eased tissue  was  isolated  No.  4  (508  R),  different  from  No.  5,  but 
identical  with  No.  6.  The  assumption  must  be  either  that  the  organ- 
ism is  variable  or  that  there  are  numerous  organisms  to  be  found  in 
such  places  which  are  so  nearly  alike  that  they  may  be  considered 
identical  for  practical  purposes — that  is,  all  have  an  identical  disin- 
tegrating action  on  the  plant  tissues.  Moreover,  the  chance  in  favor 
of  there  being  separate  forms  is  reduced  to  a  minimum  by  the  method 
of  inoculation  and  isolation,  every  precaution  being  taken  to  avoid 
contamination. 

Fischer's  mineral  solution  with  various  nutrient  substances. 

For  determining  the  source  of  nitrogen  and  carbon  for  the  organ- 
ism various  compounds  containing  these  substances  were  added  to 
Fischer's  mineral  solution,  which  contained  neither  nitrogen  nor  car- 
bon. The  mineral  solution  consisted  of  dipotassium  phosphate  1 
gram,  magnesium  sulphate  0.2  gram,  and  calcium  chlorid  0.1  gram, 
all  dissolved  in  1,000  c.  c.  of  distilled  water. 

Table  XXII. — Experiment  1.    Fischer's  mineral  solution  with  varioiis  additions.     Inoc- 
ulations made  from  fluid  coconut  cultures  Nos.  1  to  6,  Februarys  to  18, 1910,  at  22°  C. 


Medium. 

1  day. 

3  days. 

6  days. 

11  days. 

14  days. 

Fischer's  mineral 

All  equally  and 

Same  as  1  day. 

Barely  clouded; 

Practically 

Same  as   11 

solution  (4110). 

slightly  cloud- 
ed. 

no  precipitate. 

clear;  no  appre- 
ciable precipi- 
tate. 

days. 

Fischer's  +  dex- 

All equally  and 

Thinly  cloud- 

SUghtly   cloud- 

1   thin;    others 

Do. 

trose  (4113). 

thinly   cloud- 

ed. 

ed;   minute 

clear:  minute 

ed;  not  sogood 

precipitate. 

precipitate. 

as  in  dextrose 

+  KNO,. 

Fischer's +KN0: 

All  equally  and 

Sliehtly  cloud- 

Barely clouded; 

Clear;  minute 

Do. 

(4112). 

slightly  cloud- 
ed. 

ed. 

no  precipitate. 

precipitate. 
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Table  XXII. — Experiment  1.  Fischer's  mineral  solution  iritJt  various  additions.  Inoc- 
ulations made  from  fluid  coconut  cultures  Nos.  1  to  6,  February  .i  to  IS,  1910,  at  22°  C. — 
Continued. 


Medium. 

1  day. 

3  days. 

6  days. 

11  days. 

14  days. 

Fischer's  +  cane 

All  equally  and 

Slightly  cloud- 

Barely clouded; 

Practically 

Same  as 

U 

sugar  (4115). 

slightly  cloud- 
ed; not  so  good 
asin  dextrose. 

ed. 

no  precipitate. 

clear. 

days. 

Fischer's  +  pep- 

All equally  and 

Moderately 

Moderately 

Moderately 

Do. 

tone  (4116). 

thinly   cloud- 
ed. 

clouded. 

clouded;  small 
precipitate. 

clouded;  mod- 
erate  precipi- 
tate. 

Fischer's  +  jK-p- 

Moderately 

Same  as  1  day. 

Nos.    2    and    5 

No.  5  moderate- 

Thin;    lar 

se 

tone  +  dextrose 

clouded;  some 

m  0  d  0  r  a  tely 

ly  clouded; 

precipitate. 

(4118). 

gas;    best 
growth. 

clouded;   oth- 
ers   nearly 
clear;  all  good 
precipitate. 

large   precipi- 
tate. 

Fischer's  4-  pep- 

Moderately 

do 

Moderately 

No.  5  moderate- 

Same as 

11 

tone  -1-  glycerin 

clouded;  no 

clouded;  good 

ly  clouded; 

days. 

(4119). 

gas. 

precipitate. 

others  thin. 

Fischer's+glycer- 

All  sligh  tly  cloud- 

Thinlv cloud- 

Barely clouded; 

All  barelv  cloud- 

Do. 

in  (4117). 

ed;  a  trifle  bet- 
ter than  plain 
Fischer's. 

ed. 

minute  precip- 
itate. 

ed. 

Fischer's  +  cane 

Nos.    1    and    5 

Same  as  1  day. 

Same  as  1  day... 

No.  5  moderate- 

Do. 

sugar  -1-  KNO3 

m  0  d  e  r  ately 

ly  clouded; 

(4114). 

clouded;   oth- 
ers slightly. 

No.  1  thin; 
Nos.  3,  4,  and 
6  barely;  No. 
2  clear. 

Fischer's  +  dex- 

Slightly but  dis- 

All thinly  and 

Same  as  3  days.. 

Barely  clouded; 

Do. 

trose  +  KNC)3 

tinctly  cloud- 

equally well 

small  precipi- 

(4111). 

ed. 

clouded. 

tate. 

Table  XXIII. — Experiment  2.  Fischer's  mineral  solution  uith  various  additions. 
Inoculations  from  fluid  coconut  cultures  Nos.  1  to  6  and  Bacillus  coli,  February  15  to 
28,  1910,  at  22°  C. 


Medium. 

1  day. 

3  days. 

10  days. 

13  days. 

Fischer's    solution 

All  but  the  checks 

Same  as  1  day 

All  clear  and  no  ap- 

(4110). 

are  barely  clouded. 

preciable  precipi- 
tate. 
Thinlv  clouded  and 

Fischer's  +   dex- 

All thinly  clouded; 

All  thinly  clouded. 

Checks  titrated-l-5; 

trose  -t-  KNO3 

B.  coli  is  a  trifle 

small  precipitate. 

cultures  +S. 

(4111). 

better  than  others. 

Fischer's  -f  KNO3 

All  barely  clouded 

do 

Thinly  clouded  and 

(411-2). 

very  small  precipi- 
tate. 

Fischer's   -1-   dex- 

.\11     very      thinly 

All    just     barely 

Thinly  clouded  and 

Check  titrated  -I-  5; 

trose  (4113). 

clouded. 

clouded. 

small  precipitate. 

cultures -1-11.5. 

Fischer's  -1-   cane 

Nos.  1  and  5  moder- 

Nos. 1  and  5  thin; 

Nos.  1  and  5  moder- 

sugar +  KNO3 

ately;  others  thin. 

others      barely 

ately    clouded; 

(4114). 

clouded. 

others    clear;    all 
small  precipitate. 

Fischer's  -f  cane 

All  very  thin 

All     just     barely 

No.  1  thin;     others 

sugar  (4115). 

clouded. 

clear. 

Fischer's-l- peptone 

All  thin;    B.  coli  a 

All  moderate;   B. 

Well  clouded  with 

Check  titrated  -1-  9; 

(411C). 

trifle  thinner  than 

coli  a  trifle  thin- 

small  white  pre- 

cultures-l-5. 

the  others. 

ner  than  others. 

cipitate;  no  film. 

Fischer's-t- glycerin 

All  barely  clouded. . . 

All  barely  clouded; 

Slightly      clouded; 

(4117). 

No.   1   a  httle 
more  than  oth- 

minute      precipi- 
tate. 

Fischer's-t- peptone 

All  well  clouded  ex- 

Nos. 3,  4,  and  6 

Nos.  1,  2,  5,  and  B. 

Check  titrated  -1-  9; 

-|-dextrose(411S). 

cept  No.  3. 

almost  clear  and 
heavy  white  pre- 
cipitate;  others 
still  clouded  and 
good  precipitate. 

coli    moderately 
clouded;     abun- 
dant   jirecipitate; 
others   thin;    and 
abundant  precipi- 
tate. 
All  are  moderately 

cultures -1-24. 

Fischer's-1-peptone 

All  are  moderately 

Well  clouded  and 

Cheek  titrated  -f  8; 

+  glycerin  (4119). 

clouded;  B.  coli  a 

large  white  pre- 

clouded; abundant 

cultures-l-21 

little  thinner  than 

cipitate. 

white  precipitate. 

others. 
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Bacillus  coli  was  used  for  comparison  iii  the  second  experiment,  but 
not  in  the  first.  There  appear  to  be  no  great  differences  between 
these  organisms  and  B.  coli.  The  experiments  show  in  general 
that  in  Fischer's  mineral  solution  alone  or  when  KNO3  is  added  the 
organism  barely  clouds;  when  peptone  is  added  moderate  growth 
results;  adding  glycerin  either  with  or  without  KNO3  gives  slight 
growth;  when  either  dextrose  or  cane  sugar,  either  with  or  without 
KNO3  is  added  poor  growth  results;  when  peptone  with  either  dex- 
trose or  glycerm  is  added  moderate  growth  results. 

From  this  table  it  will  be  observed  that  the  organism  can  obtain  its 
nitrogen  and  carbon  easily  from  peptone  alone,  but  somewhat  bet- 
ter when  dextrose  is  present.  It  can  not  obtain  any  nitrogen  from 
KNO3,  and  carbon  from  glycerin  only  with  difficulty  (p.  75).  The 
organism  can  obtain  carbon  only  with  difficulty  from  either  cane  sugar 
or  dextrose  alone;  undoubtedly  some  nitrogenous  substance,  such  as 
peptone  with  either  cane  sugar  or  dextrose  is  necessaiy  for  good 
growth. 

MEDIA   WITH  MALACHITE   GREEN. 

The  use  of  malachite  green  as  a  differentiating  medium  between 
Bacillus  coli  and  Bacillus  typliosus  has  been  recommended  by  Loeff- 
ler,  according  to  Kiralyfi,^  who  has  also  tried  it  but  without  success. 
In  view  of  the  variable  results  obtamed  by  Kiralyfi  the  effect  of  mala- 
clute  green  as  mhibitory  to  Bacillus  coli  is  not  taken  here  as  a  diag- 
nostic character.  As  a  matter  of  fact,  notwithstanding  that  Kiralyfi 
in  some  experiments  found  that  a  0.02  per  cent  solution  of  malachite 
green  prevented  good  development  of  Bacillus  coli  colonies,  ui  the  fol- 
lowing experiments  with  the  same  amount  Bacillus  coli  grew  well. 
The  only  points  to  be  ascertained  here  were  whether  Bacillus  coli  and 
the  coconut  organism  grew  equally  well,  producing  colonies  of  the 
same  form  and  causing  a  reduction  of  the  color.  The  experiments 
were  carried  out  as  follows: 

(1)  Agar  slant  cultures  with  malachite  green.  In  24  hours  the  growth  was  wet 
shining  and  irregular,  the  same  as  in  ordinary  agar  tubes.  The  growth  appeared 
slightly  greenish,  but  this  may  have  been  due  to  the  medium.  After  three  days  all  the 
tubes  showed  good  growth  and  all  were  entirely  or  nearly  bleached.  Culture  No.  5 
had  entirely  reduced  the  malachite  green,  but  in  Bacillus  coli  a  very  distinct  green  was 
still  at  the  bottom.  After  four  days  none  of  the  cultures  showed  even  a  trace  of  the 
green  color. 

(2)  Agar  plate  cultures  with  malachite  green.  The  malachite  green  became  entirely 
reduced  on  all  the  plates  within  three  days,  Bacillus  coli  accomplishing  the  reduction 
more  slowly  than  the  others.  Plates  from  cultures  No.  5  and  Bacillus  coli  showed  only 
round  or  nearly  round  colonies.  All  the  other  plates  showed  a  mixture  of  the  round 
colonies  and  deeply  lobed  or  radiate-branched  ones.     As  some  of  the  smallest  colonies 

•  Kiralyfi,  G.  Ueber  den  Wert  der  MalachitKriinnahrboden  zur  Differenzierung  der  Tj-phus-  und  Coli- 
bacillen.    C'entralblalt  fiir  Bakteriologie,  pt.  1,  Originale  vol.  42,  1900,  pp.  276-279,  371-375. 
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showed  a  tendency  toward  branching,  this  condition  probably  is  due  to  the  medium 
rather  than  to  varieties  of  bacteria. 

In  all  i)f  the  cultures  Bacillus  coli  and  the  coconut  oi'ganism  be- 
haved alike  in  that  they  grew  well  and  reduced  the  color  of  the  mala- 
chite green. 

BEEF   AGAU   CONTAINING    CAFFEIN. 

The  use  of  caffein  in  media  as  a  means  of  differentiating  Bacillus 
coli  from  Bacillus  typhosus  has  been  discussed,  among  others,  by  Rotli,^ 
by  Birt,^  and  by  Courmont  and  Lacomme,^  who  have  not,  however, 
I)resented  evidence  of  the  reliability  of  this  means.  The  one  point  in 
agreement  among  the  workers  is  that  1  per  cent,  or  sometimes  le.ss, 
caffein  in  the  culture  media  will  completely  inhibit  the  growth  of 
Bacillus  coli.  Under  certain  conditions  it  is  said  also  to  inhibit 
Bacillus  typliosus,  but  that  is  of  little  importance  here. 

Cultures  were  made  in  slant  agar  tubes  containing  1  per  cent  caf- 
fein with  all  the  organisms  used  in  this  comparative  work.  After 
eight  days  no  sign  of  growth  appeared  on  any  of  the  slants. 

Other  cultures  on  the  same  medium  were  made  in  petri  dishes. 
These  were  kept  for  several  days,  but  gave  no  sign  of  colonies  either 
in  the  coconut  plates  or  the  Bacillus  coli  plates. 

THE    MEDIA    OF    CAPALDI   AND    PROSKAUER. 

Two  media,*  designated  Capaldi  and  Proskauer  No.  1  and  Capaldi 
and  Proskauer  No.  2,  are  used  in  these  experiments. 
No.  1  is  made  as  follows: 

Asparagin grams . .       0.  2 

Mannit do 2 

Sodium  chlorid do 02 

Magnesium  sulphate do 01 

Calcium  chlorid do 02 

Potassium  monophosphate  * do 20 

Water  (distilled) c.  c. .   100 

No.  2  is  made  as  follows: 

Witte's  peptone grams. .         2.  0 

Mannit do .1 

Water  (distilled) c.  c. .     100 

In  the  first  of  these  media,  which  is  free  from  albumin.  Bacillus  coli 
is  said  to  grow  well  and  produce   acid  freely.     The  second  medium 

1  Roth,  Emil.  Versuche  uber  die  Einwirkung  von  Kaflein  auf  das  Bacterium  typhi  und  coli.  ZentraL 
hlatt  fiir  Stoflwechsel-  und  Verdauungs  Krankheiten,  vol.  5,  1904,  p.  125;  Versuche  iiber  die  Einwirkung 
des  Trimethylxanthins  auf  das  Bacterium  typhi  und  coli.  Zentralblatt  fiir  Stoflwechsel-  und  Verdauungs 
Krankheiten,  vol.  6,  January  to  December,  1905,  p.  557. 

2  Birt,  C.    Caffeine  Enrichment  Method.    British  Medical  Journal,  October  28,  1905,  pp.  1110-1111. 

3  Courmont,  J.,  and  Lacomme,  L.  La  Caffeine  en  Bacteriologie.  [Discusses  certain  distinct  uses  of 
caffein  as  an  aid  in  bacterial  diagonsis.]  Journal  de  Physiologie  et  de  Pathologie  Gfinerale.  vol.  6,  March  15, 
1904,  p  p.  286-294. 

<  Muir,  Robert,  and  Ritchie,  James.    Manual  of  Bacteriology,  p.  329. 

5  Potassium  biphosphate,  monobasic,  Merck,  was  used  by  the  writer  in  making  up  this  medium. 
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contains  albumin,  and  is  such  that  Bacillus  coli  is  said  to  grow  well 
but  to  produce  no  acid. 

After  its  constituents  are  mixed  and  dissolved  each  medium  is 
steamed  for  1|  hours  and  litmus  solution  added;  the  medium  is  then 
made  neutral,  filtered,  tubed,  and  sterilized. 

Tubes  were  made  up  according  to  these  formulas  and  inoculated 
with  the  coconut  organism  and  Bacillus  coli. 

Table  XXIV. — Growth  of  cocomit  cultures  Nos.  1  to  6  and  Bacillus  coli  in  Capaldi  and 

Proskauer  medium  No.  1,  at  22°  C. 


Culture. 

Experiment  1,  Apr.  7  to  11, 1910. 

Experiment  2,  Apr.  13  to  30, 1910. 

Iday. 

4  days. 

1  day. 

3  days. 

17  days. 

Check 

Light      reddish 

purple. 
Bright  pink  gas. 

do 

Light     reddish 

purple. 
do 

do 

Light     reddish 

purple. 
Bright  pink  with 

tinge  of  purple. 
do 

Light     reddish 

purple. 
Purple. 

Reddish  purple 
above;      light 
pink     below. 

do 

Light    reddish 

1 

purple. 

2 

'i 

do 

Somewhat  pur- 
ple  in   upper 
third;       light 
red        below; 
precipitate 
bright    red. 
do 

do 

A 

Slight     change; 
no  gas. 

No  change 

do 

Light       purple 
nearly  through- 
out. 

Reddi<:h  purple 
above-      li.:;ht 
pink  below. 
.....do 

5 

do 

do 

r, 

Bright  pink;  no 

gas. 
Bright  pink;  gas. 

do 

Changed  only  a 

trifle. 
Bright      pink 

with  tinge  of 

purple. 

do     

do 

. 

Table  XXV. — Growth  of  coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  in  Capaldi 

and  Proskauer  medium  No.  2,  at  22°  C. 


Culture. 

Experiment  1,  Apr.  7  to  11, 1910. 

Experiment  2,  Apr.  13  to  30,  1910. 

1  day. 

4  days. 

1  day. 

3  days'. 

Check 

1 

Light  purple  blue . . . 

Gas:  purplc-rcd  pre- 
cipitate; very  light 
color  in  solution. 

do  .          

Almost  clear  solution 
with      bluG-purple 
precipitate. 

Practically      colorless 
solution;  purple  pre- 
cipitate. 

Practically      colorless 
solution;  white  pre- 
cipitate. 

Practically      colorless 
solution;  purple  pre- 
cipitate. 

do 

Solution    light    blue: 
precipitate  deep 
blue. 

Abundant   gas:   solu- 
tion almost  colorless; 
precipitate    reddish 
purp  e. 
do 

Same  as  on  first  day. 

2 

Precipitate  partially 

3 

do 

do 

bleached. 
Do. 

4 

do 

do 

Do. 

5 

do 

Practically      colorless 
solution';  white  pre- 
cipitate. 

Practically     colorless 
solution;  purple  pre- 
cipitate. 

do 

do 

Do. 

6 

do 

do 

Do. 

Bacillus 
coli . . 

do 

do 

Do. 
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Check  tubes  of  these  media  were  treated  as  follows : 

No.  1+acid   =bright  salmon  pink. 
No.  l+alkali=deep  blue. 
No.  2+acid    =bright  .salmon  pink. 
No.  2+alkali=no  change. 

In  the  first  medium  the  culture  grew  well  and  produced  acid,  as 
shown  from  the  change  in  the  color  of  the  light  reddish-purple  check 
to  the  bright  pink  cultures,  Bacillus  coli  acting  in  the  same  way  as 
the  coconut  cultures.  In  most  cases  the  color  subsequently  became 
bleached  and  in  the  upper  part  a  distinct  blue  (after  17  days).  These 
tubes  tested  with  neutral  litmus  paper  indicated  an  alkali  formation, 
as  the  change  in  color  of  the  culture  from  bright  pink  to  blue  also 
indicates. 

The  reaction  in  medium  No.  2  was  unsatisfactory.  In  the  check 
tubes  as  in  the  cultures  the  blue  color  precipitated  in  the  form  of 
fine  particles.  This  precipitate  remained  blue  in  the  check,  but 
became  a  distinct  purple  in  the  cultures,  and  in  17  days  was  bleached 
almost  wliite.  A  distinct,  though  not  strildng,  change  from  deep 
blue  to  purple  took  place  in  the  color  of  the  precipitate.  This  change 
would  suggest  some  acid  formation,  although  the  medium  is  not 
supposed  to  permit  of  acid  formation.  The  reduction  of  the  litmus 
is  the  only  striking  part  of  the  reaction  in  medium  No.  2. 

BEEP  BOUILLON  OP  VARIOUS  DEGREES  OP  ACIDITY. 

Table  XXVI  gives  the  results  of  four  experiments,  showing  very 
little  constant  difference  in  the  growth  of  cultures  in  beef-bouillon 
media  of  various  degrees  of  acidity  or  alkalinity.  Any  sort  of 
bouillon  from  —12  to  +30  on  Fuller's  scale  seemed  to  furnish"  the 
means  for  luxuriant  growth  of  the  organism.  The  cultures  show  a 
tendency  to  clear  sooner  at  +23,  +25,  and  +30  than  at  the  lower 
degrees  of  acidity. 
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Table  XXVI. — Growth  of  coconut  cultures  Nos 
of  varying  degrees  of  acidity  or  alkalinity,  at  22 
4,  February  5  to  March  14, 1910.^ 


1  to  6  and  Bacillus  coll  in  heef  bouillon 
°  C,  asshoivn  in  experiments  1,2,3,  and 


Titra- 
tion 
(grade 
of  acid- 
ity or 
alka- 
linity). 


-4. 


-6 


-12... 


+2. 


-f7. 


-f-23... 


+25... 


-1-30.. 


day,     experiments 
"  1  and  2. 


All  well  clouded;  Nos. 
3  and  6  have  thin 
films  (experiment  1). 


All  well  clouded  with 
thin  films  (experi- 
ment 2). 


All  well  clouded  with 
very  thin  films  (ex- 
periment 2). 


All  well  clouded;  No. 
1  has  good  film:  oth- 
ers heavy  precipitate 
(experirhent  2). 

All  well  clouded;  Nos. 
3  and  1  have  thin 
films  (experiment  1). 


All  well  clouded;  thin 
films  (experiment  1). 


All  well  clouded;  No. 
1  has  good  film;  oth- 
ers barely  percepti- 
ble  films   (experi- 
ment 2). 

Same  as  -f23,  only 
more  heavUy  cloud- 
ed (experiment  1). 


days,    experiments 
1  and  2. 


Nos.  2, 3.  4,  and  f)  have 
good  films;  all  well 
clouded  (experiment 
1). 

Nos.  3,  4,  and  6  have 
good  films;  all  heav- 
ily clouded  (experi- 
rrient  2). 

All  heavily  clouded 
with  filrns  (experi- 
ment 2). 


AU  well  clouded;  good 
precipitate  (experi- 
ment 2). 


Nos.  2, 3,  4,  and  0  have 
good  films;  others 
have  thin  films,  ex- 
cept B.coli  (experi- 
ment 1). 

All  good  films;  well 
clouded  (experiment 
1). 

All  well  clouded;  good 
precipitate;  good 
films     (experiment 

2). 


All  but  Nos.  4  and  0 
have  good  films;  all 
we!lclouded(experi- 
ment  1). 


4  days,  experiment  3. 


All  heavily  clouded: 
B.  coli  has  no  film; 
Nos.  2 and  G  good. 


All   heavily   clouded; 
B.  coli  and    No.  2 
have  partial    films; 
others  none. 

All  well  clouded;  abun- 
dant white  precipi- 
tate; Nos.  1  and  5 
have  no  films. 

All  heavily  clouded; 
B.  coli  has  no  film: 
Nos.  2  'and  0  good 
films. 


All  heavily   clouded; 
good  filrris. 


.do. 


7  days,  experiment  1. 


All  heavily  clouded; 
Nos.  1  and  5  and  B. 
coli  have  no  films. 


All  heavily  clouded; 
Nos.  1  and  5  and  B. 
coli  have  no  films. 


AU  heavily  clouded; 
good  films;  large 
white  precipitate. 


All  heavily  clouded; 
good  films;  large 
white  precipitate. 


1  Experiment  1,  Feb.  11  to  Feb.  25;  2,  Feb.  5  to  Feb.  25;  3,  Feb.  21  to  Mar.  14;  4,  Feb.  25  to  Mar.  14. 
228 


LABORATORY   AND  GREENHOUSE    STUDIES. 


Ill 


Table  XXVI. — Growth  of  coconut  cultures  Nos.  1  to  6  and  Bacillus  coliin  heef  bouillon 
of  varying  degrees  of  aciaity  or  alkalinity,  at  22°  C,  as  shown  in  experiments  1,2,3,  and 
4,  February  5  to  March  l-l,  1910 — Continued. 


Titra- 
tion 
(grade 
of  acid- 
ity or 
alka- 
linity). 

10   days,    experi- 
ment 2. 

11  days,  experi- 
ment 4. 

14  days,  experi- 
ment 1. 

17    days,    experi- 
ment 4. 

21    days,    experi- 
ment 3. 

—4 

All   have   pood 
films  but  No. 
1  and  B.  coli. 

All   well   clouded; 

—6 

All  well  clouded; 
abundant  white 
precipitale;    B. 
coll  has  no  film; 
No.  1  thin  film; 
all  others   have 
good  films. 

All  well  clouded; 
ahundani;  white 
precipitate  and 
with  films. 

All  heavily  cloud- 
ed;    films    and 
abundant  white 
precipitate. 

B.    coli   has   no 
film  and  no  crys- 
tals;   all     others 
have  crystals. 

All  heavily  clouded; 

—  12... 

B.    coli    has    no 
film    but   many 
crystals. 

All  heavily  clouded; 

+2 

Nos.  2  and  (i  have 
heavy  films. 

All    well   clouded; 

-t-7 

All  heavily 
clouded;      all 
but    B.     coli 
have  films  and 

crystals. 

All   heavily 
clouded. 

All  but  Nos.  2 
and  4  heavily 
clouded. 

All   well   clouded 
but  No.  5,  which 
is  partly  cleared; 
all  have  heavy 
precipitates;  all 
but  B.coli  have 
films  and   crys- 
tals. 

B.  coli   has     no 
crystals;  all  have 
films. 

-f23... 

All    well    clouded; 

-1-25... 

All  well  clouded; 
abundant  white 
precipitate  and 
good  films. 

No.  2  has  pretty 
well    cleared;  all 
the     rest     have 
moderate    films; 
all  but    B.    coli 
and   No.  2  have 
numerous     crys- 
tals. 

All  well  clouded. 

-f30... 

All    heavily 
clouded;  heavy 
films;    No.    i 
has  crystals. 

All   heavily 
clouded     but 
No.  2. 

All  well  clouded; 
good  films  and 
abundant    pre- 
cipitate; Nos.  1, 
3.   and    4   have 
crystals. 

DUNHAM  S    SOLUTION    WITH    VARIOUS   PROPORTIONS    OF    SODIUM    CHLORID. 

Table  XXVII,  gives  the  results  of  three  experiments,  showing  that 
the  growth  of  cultures  1  to  6  and  Bacillus  coli  is  good  only  in  those 
solutions  containing  3  per  cent  or  less  of  sodium  chlorid.  There  was 
growth  in  the  7  per  cent  solution,  but  it  was  very  slight.  The 
amount  of  indol  produced  by  the  organism  as  shown  in  the  column 
for  25  days  indicates  to  some  extent  the  amount  of  growth  in  each 
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of  the  culture  solutions.  In  solutions  containing  as  high  as  3  per 
cent  NaCl  a  good  indol  reaction  was  obtained,  the  color  corresponding 
to  rose-violet  tint  No.  1,  Repertoire  de  Couleurs,  in  the  light  tubes 
and  darker  in  others. 

Table  XXVII. — Growth  of  coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  in  Dunham's 
solution  ivith  varying  amounts  of  sodium,  chlorid,  at  22°  C,  as  shown  in  experiments 
1,  2,  and  3,  February  8  to  March  14,  1910} 


Medium. 


Dunham's  solu- 
tion— 
With  1  per 
cent  NaCl 
(4137). 


With  1.5  per 
centNaCl 
(4138). 


With  2  per 
cent  NaCl 
(4139). 


With  2.5  per 
cent  NaCl 
(4140). 


With  3  per 
cent  NaCI 
(4141). 


With  4  per 
cent  NaCl 
(4159). 


With  5  per 
cent  NaCl 
(4160). 


With  6  per 
cent  NaCl 
(41G1). 


With  7  per 
cent  NaCl 
(4162). 


1  day,  experi- 
ments 1  and  3. 


3  days,  experi- 
ment 2. 


5  days,  experi- 
ment 1. 


All  moderately 
clouded  ex- 
cept No.  4, 
which  is  thin 
with  floccu- 
lence. 

All  moderately 
clouded  e  x  - 
cept  No.  4, 
which  has  a 
flocculent  sus- 
pension. 

In  experiment  1 
same  as  with  1 
per  cent;  in 
experiment  3 
all  are  thinly 
clouded. 


A  trifle  less 
clouded  than 
with  1  per 
cent. 

All  are  thinly 
clouded. 


All  are  thinly 
clouded.  B. 
coli  is  a  trifle 
thinner  than 
the  rest. 

Nos.  1  and  5  are 
t  li  i  n  ;  others 
are  practically 
clear. 

All  clear  except 
No.  1,  which  is 
very  thin. 


All  are  clear. 


All  thinly 
clouded; 
very  thin 
films. 


.do. 


All  thinly 
clouded; 
bf»rely  per- 
ce  p  t  i  b  1  e 
films. 

All  thinly 
clouded. 


Moderate 
growth;  small 
precipitate; 
thin  films. 


Moderately 
clouded;  No.  1 
has  flocculent 
suspension;  all 
have  thin 
films. 

All  but  B.  coli 
have  thin 
films;  all  mod- 
erately cloud- 
ed. 


.do. 


All  moderately 
clouded;  thin 
films. 


7  days,  experi- 
ments 1  and  2. 


8  days,  experi- 
ment 3. 


No.  5  tit  rated -t- 
2:  check  titrat- 
ed+4. 


No.  5  titrated  -I- 
3;  check  titrat- 
ed-1-4.5. 


No.  5  titrated  -f 
4:checktitrat- 
ed-l-5. 


All  thinly  cloud- 
ed; small  pre- 
cipitate. 


All  thinly  cloud- 
ed; small  pre- 
cipitate. 


Nos.  1,3,  4,  and 
6  thinly  cloud- 
ed and  small 
amount  of  pre- 
cipitate; Nos. 
2  and  5  barely 
clouded;  B. 
coli  appears 
clear. 


All  moderately 
clouded;  mod- 
erate precipi- 
tate; no  films; 
Nos.  1  and  2 
begin  to  clear. 

All  moderately 
clouded  and 
moderate  pre- 
cipitate; Nos. 
2  and  3  have 
thin  films. 

All  well  clouded 
with  moder- 
ate precipi- 
tate; Nos.  2 
and  4  have 
thin  films. 


All  well  cloud- 
ed; small  pre- 
cipitate; No.  2 
is  beginning 
to  clear;  no 
films. 

All  thinly  cloud- 
ed; small  pre- 
cipitate. 


.\11  thinly  cloud- 
ed; small  pre- 
cipitate; no 
films. 

Nos.  1,  3,  and  4 
are  thinly 
clouded; 
small  precipi- 
tate. 

Nos.  1,  3,  and  4 
thinly  clouded 
small  precipi- 
tate; others 
barely  cloud- 
ed, with  very 
small  precipi- 
tates. 


1  Experiment  1,  Feb.  8  to  Feb.  25;  2  and  3,  Feb.  17  to  Mar.  14. 
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Table  XXVII. — Growth  of  coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  in  Dunham's 
solution  with  raryiiuj  (tmow)ds  of  sodium  chlorid,  at  22°  C,  as  shown  in  experiments 
1,  2,  and  3,  February  8  to  March  14,  1910 — Continued. 


Meduim. 


Dunham's  solu- 
tion— 
With  1  por 
cent  NaCl 
(4137). 


With  1.5  per 
cent  NaCI 
(4138). 


With  2  per 
cent  NaCl 
(4139). 


With  2.5  per 
Cint  NaCl 
(.140). 


With  3  per 
cent  NaCl 
(4141). 


With  4  per 
cent  NaCl 
(4159). 


With  5  per 
cent  NaCl 
(4160). 


With  6  per 
cent  NaCl 
(4161). 


With  7  per 
cent  NaCl 
(4162). 


10  days,  experi- 
ment 1. 


Moderate  growth; 
small  precipi- 
tate; thin  films. 


Moderately  cloud- 
ed; No.  1  hus 
flocculent  sus- 
pension ;allliave 
thin  films. 

All  thinly  cloud- 
ed; small  precip- 
itate. 


All  thinly  cloud- 
ed; moderate 
precipitate. 


14  days,  experi- 
ment 2. 


Nos.  1,  3,  and  6 
tliinly  clouded; 
Nos.  2,  4,  and 
B.  coli  only 
slightly  clouded. 

B.  coli  and  No. 
2  are  barely 
clouded;  other's 
are  thin. 

No.  2  and  B.  coli 
are  practically 
clear  with  very 
small  precipi- 
tate; others  are 
thin  with  small 
brownish  pre- 
cipitate. 

No.  2  and  B.  coli 
are  clear  with 
small  brownish 
precipita t  e  ; 
others  are 
slightly  clouded 
with  sma  1 1 
brownish  pre- 
cipitate. 


17  days,  experi 
ment  1 . 


Moderately  cloud- 
ed; abundant 
white  precipi- 
tate; No.  6  has 
brownish  pre- 
cipitate. 


Same  as  with  1  per 
cent  except  that 
No  .3  has  brown- 
ish precipitate. 


Same  as  with  1.5 
per  cent  except 
that  B.  coli  has 
brownish  pre- 
cipitate. 


All  except  No.  1 
thinly  clouded; 
No.  1  moderate; 
all  have  abun- 
dant white  pre- 
cipitate. 

Same  as  with  2.5 
per  cent  except 
that  B.  coli 
and  No.  4  have 
brownish  pre- 
cipitate. 


25  days,  experiment  3. 


Same  as  17  days;  addition 
of  H2S0i  gave  no  result; 
HjSOi-l-NaNOa  gave  in 
1,  2,  and  5  bright  red, 
which  after  shaking  be- 
came pink;  other  tubes 
were  copper  red. 

Same  as  17  days;  in  indol 
test ,  Nos.  1 , 2 ,  and  5  rose- 
violet;  the  others  darker. 


B.  coli  is  thin;  others 
moderate;  in  indol  test 
No.  1  barely  pink;  Nos. 
2  and  5  bright  pink; 
others  dark  rose  as  with 
1.5  per  cent. 


Same  as  with  2  per  cent. 


Same  as  before;  in  indol 
test  B.  coli  barely  pink; 
others  same. 


B.  coli  is  clear;  others  as 
before;  in  indol  test  all 
show  a  trace  of  pink. 


B.  coli  is  clear;  No.  5 
is  clear;  others  thinly 
clouded;  in  indol  test 
Nos.  1,  2,  and  5  show  a 
distinct  pink,  others  a 
mere  trace  of  pink. 


B.  coli  is  clear;  in  indol 
test  all  tubes  show  a 
mere  trace  of  color  reac- 
tion. 


USCHINSKY  S    SOLUTION. 


Growth  in  Uschinsky's  solution  becomes  moderate  in  48  hours,  but 
never  heavy. 
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COHN  S   SOLUTION. 


Cultures  1  to  6  and  Bacillus  coli  show  only  a  very  slight  indication 
of  growth,  with  the  exception  of  No.  5,  which  in  one  experiment 
became  well  clouded.  In  a  repetition  by  Mss  Lucia  McCulloch,  an 
associate  worker,  the  same  restilts  were  obtained.  The  six  coconut 
strains  and  four  Bacillus  coli  strains  were  inoculated  from  agar  slant 
cultures  three  days  old,  using  one  1-mm.  loop.  The  tubes  w^ere 
incubated  at  33°  C.  No  growth  occurred  in  any  except  coconut  No. 
5,  which  formed  a  heavy  pellicle  and  numerous  crystals. 


POTATO    AGAR. 


Excellent  widespread,  wet-shining,  wlxite  growth  ^nth  raised  irreg- 
ular margins  in  all  the  tubes  within  48  hours. 

CARROT  AGAR. 

Growth  on  tubes  of  carrot  agar  is  thin,  wet  shining,  white,  but 
very  restricted,  never  extending  over  the  surface  of  the  medium. 

LITMUS-LACTOSE    AGAR.' 

Growth  on  htmus-agar  slant  tubes  is  barely  perceptible,  thin,  trans- 
parent, and  spreads  along  the  streak.  Occasionally  it  develops  into 
small  colonies,  in  which  case  it  reddens  the  htmus. 

On  plates  both  Bacillus  coli  and  the  coconut  organism  form  small 
colonies  which  redden  the  litmus  and  are  semitransparent  and 
zooglcea-like. 

OXALIC-ACID   AGAR. 

Growth  on  agar  containing  0.2  per  cent  oxalic  acid  is  similar  to 
that  on  htmus-lactose  agar,  being  very  shght. 

MERCURIC   CHLORID. 

Solutions  of  beef  bouillon  containing  different  percentages  of  mercuric 
chlorid  were  made  up  for  the  purpose  of  ascertaining  how  strong  a 
solution  this  organism  was  able  to  withstand.  In  one  experiment 
none  of  the  cultures  were  able  to  survive  in  a  solution  containing 
mercuric  clilorid  as  strong  as  1  to  3,000.  In  another  experiment  the 
cultures  became  heavily  clouded  when  the  tubes  contained  mercuric 
chlorid  in  the  proportion  of  1  to  1,000,  as  well  as  in  weaker  propor- 
tions up  to  1  to  7,000. 

Mss  Lucia  McCulloch  made  additional  tests  as  follows:  A  flask  con- 
taining 250  c.  c.  of  mercuric  clilorid  water  (1  to  1,000)  was  inoculated 
with  one  1-mm.  loop  of  the  cloudy  water  in  the  V  of  an  agar  slant 
culture  (48  hours  old)  of  coconut  No.  5.  After  1  minute  of  vigor- 
ous shaking  two  plates  were  poured.     At  the  end  of  3,  5,  and  10 

'  For  description  of  the  use  of  litmus-lactose  agar  or  gelatin,  see  Wurtz's  "Method  for  the  Differentiation 
of  Bacillus  Typhi  from  Bacillus  Coli,"  Technology  Quarterly,  vol.  6,  1893,  pp.  241-251. 
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minutes,   respectively,   otlicr  plates  were   poured.     For  inoculation 
one  3-mm.  loop  from  the  flask  was  used. 

A  similar  set  of  plates  was  made  from  250  c.  c.  mercuric  clilorid 
(1  to  5,000)  and  from  250  c.  c.  sterile;  water.  In  all  three  cases  inocu- 
lations were  of  the  same  amount  and  from  the  same  culture,  and  tlie 
plates  were  poured  at  the  same  intervals  of  time.  The  plates  were 
incubated  at  33°  C. 

After  24  hours  the  plates  poured  from  sterile  water  had  numerous 
colonies  (about  1,500  in  each  plate).  The  plates  from  HgClg  1  to 
1,000  had  a  total  of  two  colonies;  the  plates  from  HgClj  1  to  5,000,  a 
total  of  three  colonies. 

After  9  days  no  more  colonies  had  developed  in  the  plates  from 
the  HgCl2  solutions. 

Another  experiment  with  similar  strengths  of  HgClg  was  made 
with  plates  poured  at  end  of  20,  30,  and  40  seconds. 

No  colonies  appeared  even  after  six  days  at  33°  C.     The  check 
plates  from  sterile  water  gave  450  to  500  colonies  in  24  hours. 

MONOCALCIUM    PHOSPHATE. 

Two  solutions,  A  and  B,  were  made  up,  each  containing  1  per  cent 
peptone,  1  per  cent  dextrose,  0.5  per  cent  sodium  chlorid  and  neutral 
red,  and  into  A  was  put  1  per  cent  monocalcium  phosphate  and  into 
B,  0.1  per  cent.  The  amount  of  calcium  phosphate  in  normal 
coconut  tissues  is  0.05  per  cent. 
After  1  day:  A  tubes  were  clear. 

B  tubes  were  well  clouded,  but  had  produced  no  change  in  color. 
After  16  days:  A  tubes  were  perfectly  clear. 

B  tubes  all  moderately  clouded  with  moderate  amount  of  precipi- 
tate.    No  change  in  color. 

PEPTONE    SOLUTION    CONTAINING    ROSOLIC   ACID. 

Two  solutions,  A  and  B,  were  made  up,  each  containing  1  per  cent 
Witte's  peptone  and  sulTicient  rosohc  acid  to  make  a  bright  red,  and 
into  A  was  put  1  per  cent  dextrose. 

After  1  day:  A  tubes  were  yellow;  good  growth. 
B  tubes  remain  red;  good  growth. 
After  4  days:  A  tubes  were  orange  yellow;  well  clouded. 
B  tubes  unchanged  in  color;  well  clouded. 
After  11  days:  A  tubes,  same  as  before. 
B  tubes,  same  as  before. 

This  experiment  was  repeated,  and  the  colors  in  the  tubes  were 
compared  with  the  color  chart  of  the  Repertoire  de  Couleurs: 
A  check  tubes  were  pink. 

A  culture,  tested  after  17  days,  resembled  honey  yeUow,  tint  No.  3. 
B  check,  a  trifle  darker  than  the  culture  tubes. 
B  culture,  tested  after  17  days,  resembled  cardinal  red,  tint  No.  1. 
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Thus  in  solution  A  an  acid  was  produced  in  the  presence  of  the 
dextrose  and  in  consequence  the  rosohc  acid  changed  from  pink  to 

yellow. 

In  solution  B,  on  the  other  hand,  where  no  sugar  was  present,  no 
acid  was  produced,  and  hence  practically  no  change  in  color  of  the 
medium. 

ALBUMIN. 

Tubes  were  made  up  containing  the  white  of  eggs.  In  order  to 
prepare  them  the  surfaces  of  the  eggs  were  sterihzed  in  mercuric 
chlorid  and  some  of  the  albumin  drawn  out  through  the  broken  sur- 
face by  means  of  a  sterile  pipette  and  put  into  sterile  test  tubes.  To 
several  tubes  was  added  a  small  amount  of  sterile  dextrose.  The 
tubes  were  then  allowed  to  stand  a  week  to  ascertain  if  they  re- 
mained sterile,  and  then  inoculated. 

The  cultures  were  examined  after  20  days  incubation  and  appeared 

as  follows : 

No.  6:  With  sugar;  moderately  clouded;  no  odor. 
Bacillus  coli:  Without  sugar;  clouded;  no  odor. 
No.  3:  With  sugar;  thinly  clouded  and  small  precipitate;  no  odor. 
No.  1:  And  all  others  with  sugar;  a  little  clouded,  but  the  albumin  did  not  appear 
in  any  way  to  be  affected. 

Transfers  were  made  into  beef  bouillon  from  these  tubes  to  ascer- 
tain if  the  organism  was  still  hving.  After  30  days  all  the  transfer 
tubes  were  weU  clouded.  There  was  a  slight  clouding  in  the  check 
tubes  themselves,  due  to  the  fact  that  the  albumin  from  the  egg  is 
not  perfectly  homogeneous,  and  in  consequence  it  was  difficult  to 
tell  whether  growth  actuaUy  took  place  or  not.  In  some  cases  there 
appeared  to  be  distinct  clouding,  but  in  no  case  was  there  any 
evidence  of  disintegration  of  the  albumin  as  evidenced  by  an  odor. 
At  no  time  was  there  any  odor  other  than  that  of  a  fresh  egg.  It 
appears  orobable  that  the  coconut  and  Bacillus  coli  organisms  do 
not  have  the  pov/er  of  disintegrating  albumin  to  any  appreciable 
extent. 

SUCCINIC   ACID. 

In  a  chemical  analysis  of  a  peptone-dextrose  medium  in  wliich  the 
coconut  organism  had  been  grown  for  some  days  it  was  found  that  an 
abundance  of  succinic  acid  was  formed.  In  order  to  ascertain  if  it 
was  the  production  of  this  acid  that  inhibited  long  growth  of  this 
organism,  a  cidture  solution  was  made  containing  1  per  cent  peptone 
and  1  per  cent  dextrose  plus  0.5  per  cent  succinic  acid  in  one  case 
and  plus  1  per  cent  acid  in  another  case.  It  was  found  that  even 
after  incubation  for  21  days  no  growth  resulted  in  either  medium. 
Weaker  acidities  were  then  tried,  as  it  was  thought  the  organism 
could  not  grow  when  so  large  an  amount  of  acid  was  present. 
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November,  1910,  Miss  Lucia  McCulloch  made  the  following  addi- 
tional tests:  A  medium  containing  1  per  cent  peptone,  1  per  cent  dex- 
trose, and  0. 1  per  cent  succinic  acid  was  inoculated  from  slant-agar  cul- 
kires  3  days  old  of  the  six  coconut  strains  and  four  Bacillus  coli  strains. 
Another  medium  containing  1  per  cent  peptone,  1  per  cent  dextrose, 
and  0.05  per  cent  succinic  acid  was  inoculated  from  the  same  agar 
cultures.  One  1 -millimeter  loop  was  used  for  inoculation  and  the 
tubes  were  incubated  at  33°  C.  At  the  end  of  48  hours  a  very 
moderate  growth  appeared  in  all  the  cultures,  represented  by  thin 
clouding,  floccident  particles,  and  precipitate;  no  pellicles.  Seem- 
ingly there  is  no  particular  difference  in  growth  in  the  two  media. 
After  10  days  the  medium  containing  0.05  per  cent  succinic  acid 
was  moderately  cloudy,  while  that  containing  0.1  per  cent  succinic 
acid  was  much  clearer.  The  amount  and  character  of  the  pre- 
cipitate in  the  two  media  are  very  similar. 

After  18  days  the  0.05  per  cent  succinic  acid  was  still  cloudy 
while  the  0.1  per  cent  succinic  acid  was  practically  clear.  There 
seemed  to  be  slightly  more  precipitate  in  the  weaker  acid  medium. 

COCONUT  CYLINDERS. 

Small  pieces  of  firm  coconut  tissue  from  the  petioles  of  leaves 
were  placed  in  test  tubes  and  a  solution  of  1  per  cent  dextrose  was 
added  in  amounts  to  cover  the  lower  half  of  the  cylinder.  The 
sugar  was  for  the  purpose  of  facilitating  the  growth  of  the  organism, 
the  tissues  used  being  too  hard  to  furnish  much  nutriment. 

After  1  day  at  37°  C:  Growth  in  each  tube  indicated  by  clouding  of  the  liquid. 
After  2  days:  The  liquid  and  pieces  of  coconut  much  discolored.     Slow  growth 

on  some  pieces,  blackening  and  reddening  of  others. 
After  10  days:  Check,  liquid  clear;  cylinder  hard. 

Bacillus  coli  a,  cylinders  blackened — not  softened,  nor  slimy. 

B.  coli,  one  cylinder  soft,  but  not  disintegrated;  microscopic  examination  of 

section  shows  no  change. 
No.  4,  brown,  slimy  growth  on  a  portion  of  the  cut  surface  of  the  cylinder  which 

is  reddish  black;  portion  of  the  side  blackened;  by  squeezing  the  cylinder 

drops  of  reddish  thick  liquid  are  forced  out;  no  soft  rot;  the  cylinder  remains 

firm. 
No.  6,  blackening  of  the  tissues  as  in  others;  also  a  rotting  of  the  soft  tissues. 
No.  2,  abundant  orange-yellow  precipitate  and  same  brown  slime  as  in  No.  4; 

tissue  woody,  not  soft  rotted. 
No.  3,  same  abundant  orange-yellow  precipitate  as  in  Nos.  2  and  4;  cylinder 

blackened  but  not  soft  rotted. 
No.  5,  same  as  Nos.  2,  3,  and  4. 
No.  5  a,  same  orange-yellow  precipitate  and  same  brown  slime  on  cut  surface 

of  blackened  cylinder. 
No.  1,  same  abundant  orange-yellow  precipitate  as  in  others. 

This  experiment  was  repeated  under  the  same  conditions,  but 
there  was  only  a  flocculent  clouding  which  quickly  cleared   away. 
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No  change  appeared  in  any  of  the  cyhnders  but  No.  1,  and  that  was 
one  of  the  Bacillus  coli  tubes  which  blackened  the  cyhnder  without 
showing  any  growth  on  the  surface.  It  is  evident  in  any  case  that 
such  woody  tissues  of  the  coconut  tree  furnish  a  poor  medium  for 
the  growth  of  the  organism. 

TEST   2   OF   D.  RIVAS.' 

One  c.  c.  of  a  10  per  cent  solution  of  NaOH  and  1  c.  c.  of  a  50  per 
cent  solution  of  H2SO4  are  added  to  5-hour  cultures  incubated  at  37° 
C.  in  neutral  sagar-free  bouillon.  A  purple  color  resulting  from  the 
addition  of  the  NaOH  and  H2SO4  is  the  test.  The  color  is  said  to 
appear  upon  the  addition  of  acid  and  to  be  discharged  upon  the 
addition  of  an  alkah  in  excess,  and  is  not  produced  in  the  presence 
of  sugar.  The  reaction  is  thought  to  be  closely  allied  to  indol  pro- 
duction and  is  dependent  upon  the  action  of  the  bacteria  upon 
some  proteid  substance.     Experiments  were  conducted  as  follows: 

1.  Neutral  bouillon  cultures  grown  at  37°  C.  Tubes  inoculated  at  10  a.  m.  on 
March  17  and  tested  at  4.30  p.  m.  of  the  same  day.  No  purple  coloration  appeared 
either  then  or  after  allowing  the  tubes  to  stand  16  hours. 

2.  Sugar-free  neutral  bouillon  tubes  were  inoculated  at  11  a.  m.  on  April  12  and 
tested  at  4  p.  m.  The  tubes  were  moderately  clouded,  but  no  purple  color  appeared 
on  the  addition  of  the  reagents.  This  bouillon  was  made  eugar-free  by  growing 
Bacillus  coli  in  it  and  then  filtering,  titrating,  retubing,  and  sterilizing.  The  tubes 
after  sterilization  titrated  zero  on  Fuller's  scale. 

3.  Sugar-free  bouillon  as  before.  Tested  after  three  days,  but  no  purple  reaction 
appeared,  although  the  tubes  containing  the  reagents  were  allowed  to  stand  48  hours. 

The  failure  of  the  cultures,  both  Bacillus  coli  and  those  of  the 
coconut,  to  respond  to  this  test  is  not  clear.  Possibly  bouillon  only 
normally  free  from  muscle  sugfjr  should  have  been  used. 

PEPTONE   WITH   LEVULOSE,  GALACTOSE,    AND   MANNIT  IN   FERMENTATION  TUBES. 

Table  XXVIII  shows  that  all  the  coconut  cultures  grow  well  in 
levulose,  galactose,  and  mannit,  and  at  the  same  rate  as  Bacillus 
coli.  The  gas  production  in  levulose  averaged  in  15  days  15  mm.;  in 
galactose  35  mm. ;  and  in  mannit  25  mm. 

I  Rivas,  D.  Contribution  to  the  Differentiation  of  Bacillus  Coli  Communis  from  Allied  Species  in 
Drinking  Water.    Journal  of  Medical  Research,  vol.  18,  1908,  pp.  81-91. 
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Table  XXVIII. — Growth  and  production  of  gas  (in  mm.)  in  peptone  with  levulose, 
galactose,  and  mannit  in  fermentation  tubes,  February  21  to  March  8,  1910,  at  22°  C. 


1  per  cent  peptone +1 
per  cent  levulose. 

1  per  cent  peptone+ 1 
per  cent  galactose. 

1  per  cent  peptone+1 
percent  mannit. 

Culture. 

2 

days. 

3 

days. 

4 
days. 

15 
days. 

2 

days. 

3 

days. 

4 

days. 

15 
days. 

2 
days. 

3 

days. 

4 
days. 

15 

days. 

Coconut  ]     

(«) 

3  10 

(') 

11 
18 
14 
15 
11 
IG 

20 
20 
IB 
17 
15 
19 

51 
20 
14 
14 
15 
15 

2  10 
<0 
<0 

3  15 

(') 

3  11 

26 
21 
22 
27 
24 
18 

35 
30 
30 
35 
33 
22 

m 

37 
33 
32 
37 
43 

30 

3  17 

*8 

11 
16 
15 
20 
16 
16 

20 
22 
20 
22 
22 
19 

32 

Coconut  3 

28 

Coconut  4        

26 

Coconut  5 

22 

Coconut  (>                  

23 

Bacillus  coli 

22 

•  Well  clouded  in  both  ends;  a  few  bubbles  of  gas. 

2  Well  clouded  in  open  end;  thin  in  closed  end. 

3  Well  clouded  in  both  ends. 

^  Moderately  clouded  in  both  ends. 

i>  Moderately  clouded  in  both  ends;  three  small  bubbles  of  gas. 

6  Well  clouded  in  both  ends;  one  large  bubble  of  gas. 

'  AVell  clouded  in  open  end;  moderate  in  closed  end;  many  small  l)ubbles  of  gas. 

8  Well  clouded  in  both  ends;  a  few  large  bubbles  of  gas. 

9  Well  clouded  in  both  ends;  many  small  bubbles  of  gas. 

kashida's  litmus-lactose  agar. 

Kashida's  medium  ^  consists  of  bouillon  containing  1 .5  per  cent  of 
agar,  2  per  cent  of  milk  sugar,  1  per  cent  urea,  and  3  per  cent  of 
tincture  of  litmus.  The  culture  medium  should  be  blue.  Wlien 
liquefied,  inoculated  with  the  colon  bacillus,  poured  into  petri  dishes, 
and  allowed  to  stand  16  to  18  hours  in  the  incubator,  the  blue  color 
passes  off  and  the  culture  medium  becomes  red.  If  a  glass  rod 
dipped  in  HCl  be  held  over  the  dish,  vapor  of  ammonium  clalorid 
is  said  to  be  given  off.  The  typhoid  bacillus  produces  no  acid  in 
this  medium,  and  there  is  consequently  no  change  in  color. 

Table  XXIX. — Growth  of  coconut  cultures  Nos.  1  to  6  and  Bacillus  coli  on  plates  of 
Kashida's  medium,  April  14  to  IS,  1910,  at  22°  C. 


Culture. 

2  days. 

4  days. 

Coconut  1 

Coconut  2 

Cncomit  .3 

Numerous   round,    wet-shining  colonies; 

plate  blue. 
Numerous  roundish,  wet-shining  colonies; 

plate  somewhat  reddened, 
do 

Densely  sown  with  minute  colonies;  plate 
blue. 

Numerous  large  bluish,  wet-shining  colo- 
nies; agar  blue. 

Numerous  large  slightly  pinkish  colonies; 

Coconut  4 

Copomit  5 

Like  culture  2  only  with  larger  colonies 

Like  culture  2  

agar  reddened  all  over. 
Almost  entirely  reddened. 
Medium  entirely  reddened. 

Coconut  6 

Bacillus  coli 

Like  culture  2  only  with  larger  colonies 

Only  two  colonies  of  distinct  size;  many 
minute  ones;  agar  partly  reddened. 

Portion  of  medium  reddened;  portion  still 

blue. 
Few  colonies  have  reddened  the  medium. 

A  glass  rod  dipped  into  hydroclxloric  acid  which  was  not  fuming 
was  held  over  each  of  the  plates,  and  in  the  cases  of  cultures  1  and  2, 
which  were  still  blue,  white  fumes  arose  from  the  hanging  drop. 
In  none  of  the  other  plates,  aU  of  which  were  entirely  red  or  partly 


1  MacFarland,  Joseph.    Textbook  upon  the  Pathogenic  Bacteria,  p.  487. 


228 


120 


HISTORY  AND   CAUSE   OF   THE   COCONUT  BUD-EOT. 


SO,  did  any  fuming  take  place.  As  a  check  a  small  drop  of  HCl 
was  held  over  a  solution  of  ammonia  which  was  not  fuming,  and 
from  the  hanging  drop  fumes  arose. 

Table  XXX. — Growth  of  coconut  cultures  Nos.  1  to  d  and  Bacillus  coli  on  plates  of 
Kashida's  medium,  April  21  to  25,  1910,  at  37°  C. 


Culture. 

1  day. 

2  days. 

4  days. 

Coconut  1... 

Shows  a  reddening;  several  colo- 

A number  of  colonies;  some  on  the 

Same  as  on  2d  day. 

nies  on  one  side. 

blue  side;  some  on  the  red. 

Coconut  2... 

Slight  reddening  on  one  side;  no 

Number  of  colonies;  plate  all  red 

Do. 

distinct  colonies. 

and  partly  bleached. 

Coconut  3... 

Reddened  on  one  side;  about  20 

Number  of  colonies;  part  reddened 

Do. 

pink  colonies  surrounded  by  a 
pink  halo. 
Slight  reddening  on  one  side;  no 

and  bleached,  part  still  blue. 

Coconut  4... 

Several  red  colonies  on  red  side;  a 

Do. 

colonies  visible. 

few  light   brown  ones  on  blue 
side. 
A  few  small  red  colonies 

Coconut  5... 

do^ 

Do. 

Coconut  6... 

Reddening  on   one  side;  several 

Several  red  colonies  on  red  side; 

Do. 

pink  colonies. 

several  pink  colonies  on  blue  side. 

Bacilluscoli. 

Reddened  on  one  side;  a  number 

Number  of  red  colonies;  agar  all 

Do. 

of  pink  colonies  surrounded  by  a 

red;  some  small  colonies  with 

pink  halo;  in  direct  light  all  the 

reddish-l)lack   centers,    then    a 

plates  of  this  date  are  a  dense 

pink  zone,  and  outermost  a  yel- 

blue black. 

lowish  zone. 

The  reaction,  although  apparently  sometimes  not  complete,  is 
characterized  by  the  appearance  of  the  red  colonies  on  the  medium 
which  changes  from  blue  black  to  red  under  the  influence  of  the  bac- 
terial secretions.  The  color  of  the  colonies  themselves  may  first  be 
blue  black  or  a  slate  color,  eventually  becoming  red  if  the  reaction 
takes  place.  There  is  probably  an  incomplete  union  of  the  litmus 
with  the  other  constituents  of  the  medium,  hence,  the  unevenness 
of  the  reaction,  remaining  blue  on  part  of  certam  colonies  and  becom- 
ing red  on  the  other  part. 

The  statement  of  Kashida  as  to  the  reaction  of  the  drop  of  hydro- 
chloric acid  to  the  gas  arising  from  the  colonies  is  not  clear.  If  the 
drop  of  HCl  held  over  the  colonies  fumes  it  is  due  to  the  formation 
of  ammonium  chlorid.  Why  this  result  would  not  take  place  with 
Bacillus  typhosus,  which  blues  litmus  and  presumably  forms  ammonia, 
is  not  clear.  It  seems  to  the  writer  that  Bacillus  tyjphosus  would 
cause  HCl  to  fume  as  well  as  Bacillus  coli  and  more  so.  The  latter 
organism,  it  is  true,  forms  ammonia,  but  only  in  small  amounts.  It 
reddens  litmus,  and  thus  the  bulk  of  the  product  is  an  acid.  In 
fact,  the  foregoing  experiments  showed  no  response  to  this  test  of 
Kashida's  when  the  colonies  became  red.  When  they  remained  blue 
it  was  probably  the  result  of  a  failure  to  produce  an  acid,  and  of  the 
positive  production  of  an  alkali. 
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remy's  synthetic  medium.' 

Remy  uses  an  artificial  nicdiuin  approximating  a  potato  in  com- 
position, but  without  dextrin  or  glucose.  The  composition  is  as 
follows : 

Composition  of  Remy^s  synthetic  medium. 

Grams. 

Distilled  water 1, 000.  0 

Asparagin 6.  0 

Oxalic  acid .5 

Lactic  acid .15 

Citric  acid    .15 

Disodic  phosphate 5.  0 

Magnesium  sulphate 2.  5 

Potassium  sulphate 1.  25 

Sodium  chlorid 2.  00 

All  the  salts  excepting  the  magnesium  sulphate  are  powdered  in  a 
mortar  and  introduced  into  a  flask  with  the  distilled  water.  Thirty 
grams  of  Witte's  peptone  are  then  added  and  the  mixture  heated 
in  the  autoclave  under  pressure  for  15  minutes.  As  soon  as  removed 
the  contents  are  poured  into  another  flask  into  which  120  to  150 
grams  of  gelatin  have  previously  been  placed.  The  flask  is  shaken 
to  dissolve  the  gelatin,  and  the  contents  are  then  made  slightly  alka- 
line with  soda  solution.  The  mixture  is  again  heated  in  the  autoclave 
at  110°  C.  for  15  minutes,  then  acidified  with  a  one-half  normal  solu- 
tion of  sulphuric  acid,  so  that  10  c.  c.  have  an  acidity  neutralized  by 
0.2  c.  c.  of  one-half  normal  soda  solution.  This  acidity  is  equal  to 
0.5  c.  c.  sulphuric  acid  per  liter.  After  shaking  the  flask  is  placed 
in  a  steam  sterilizer  for  10  minutes,  then  the  solution  is  filtered, 
and  the  acidity  of  the  medium  verified  and  corrected  if  necessary. 
Finally  the  magnesium  sulphate  is  added,  dissolved,  after  which  the 
medium  is  tubed  and  sterilized  by  the  intermittent  method. 

At  the  moment  of  using,  1  c.  c.  of  a  35  per  cent  solution  of  lactose 
and  0.1  c.  c.  of  a  2.5  per  cent  solution  of  carbolic  acid  are  put  into 
each   tube. 

Upon  this  medium  the  Bacillus  coli  colonies  are  said  to  be  yellowish 
brown,  the  typhoid  colonies  bluish  white  and  small.  Fine  bubbles  of 
gas  from  the  fermentation  of  the  lactose  often  occur  about  the  Bacillus 
coli. 

Plates  with  Remy's  medium,  April  14  to  18. 

Two  days:  No.  4,  densely  occupied  by  tiny  white  colonies.     The  other  coconut 

plates  and  Bacillus  coli  just  the  same. 
Three  days:  Plates  just  the  same  as  two  days. 
Four  days:  Coconut  and  Bacillus  coli.    The  colonies  are  very  numerous  on  each 

plate.     Where  the  medium  is  fairly  thick  they  appear  white,  and  where  it  is 

1  Remy,  L.    Contribution  h,  I'fetude  de  la  Fifevre  Typhoide  et  de  Son  Bacille.    Annales  de  I'lnstitut 
Pasteur,  Paris,  vol.  14,  Augiast,  1900,  pp.  555-570. 
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thin  they  are  colorless  or  transparent.  They  do  not  have  a  perfectly  smooth 
surface,  the  tiny  colonies,  especially,  appearing  more  or  less  conical.  All  of 
these  plates  are  identical  with  one  another. 

Doubtless  these  plates  were  too  thickly  sown  for  a  characteristic 
reaction.  At  any  rate,  the  yellowish-brown  color  said  to  be  produced 
by  Bacillus  coli  was  entirety  lacking,  while  on  the  other  hand  the 
slightly  bluish  color  considered  characteristic  of  Bacillus  typJiosus 
on  this  medium  was  seen  in  the  colonies  where  the  medium  was 
extremely   thin. 

elsner's  potato  medium. 

Cultures  were  made  on  Eisners  potato  medium  several  times,  but 
in  each  instance  the  medium  became  liquefied  owing  to  the  high 
temperature,  so  that  no  satisfactory  results  were  obtained.  Finally 
the  poured  plates  were  put  in  a  temperature  of  about  15°  C.  Within 
two  days  tiny  white  colonies  appeared.  They  were  rather  numerous, 
so  that  even  after  several  days  they  did  not  become  large.  The 
smallest  colonies  appeared  colorless  or  white,  the  larger  ones  a  very 
liglit  bro\vn.  The  distinct  brown  color  in  the  colonies,  said  to  be 
characteristic  of  growth  on  this  medium,  failed  to  appear.  The 
medium  was  made  up  according  to  the  method  given  in  Novy's 
Laboratory  Work  in  Bacteriology,  page  490. 

COCONUT  absorbent-organ   CYLINDERS. 

The  absorbent  organ  of  the  coconut  consists  entirely  of  a  spongy 
tissue  which  by  the  time  the  coconut  is  well  sprouted,  completely 
or  almost  fills  the  entire  nut.  In  it  are  enzymes  which  convert  the 
insoluble  food  material  in  the  coconut  meat  into  soluble  material  for 
the  use  of  the  gro%\ang  plant.  This  organ  is  in  actual  contact  with  the 
meat,  at  least  in  the  upper  end,  and  thus  is  able  to  conduct  the  con- 
verted material  directly  into  the  young  shoots.  The  arrangement 
of  these  parts  is  seen  in  Plate  XL  In  order  to  see  if  there  was  food 
material  in  the  absorbent  organ  sufficient  for  the  growth  of  the 
coconut  organism,  cylinders  were  steamed  in  the  usual  way  and  the 
tubes  were  inoculated  with  cultures  of  the  coconut  organism  and 
with  Bacillus  coli.  The  tubes  were  then  incubated  at  37°  C.  The 
results  were  as  follows: 

After  1  day:  All  the  tubes  were  moderately  clouded  and  all  but  coconut  No.  1  b 
and  Bacillus  coli  (Ilitchingy)  a  and  b  had  produced  some  gas. 

After  2  days:  Only  a  tiny  bubble  or  so  of  gaa  in  some  of  the  tubes;  no  signs  of  rotting 
of  the  cylinders. 

After  6  days:  No  gas;  moderately  clouded;  no  signs  of  rotting  of  the  cylinders. 

After  27  days:  Same  appearance;  the  organisms  seem  to  have  been  able  to  grow 
well  in  the  water  but  not  to  affect  the  tissues  of  the  cylinders. 
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Plate  XI 


Seedling  Coconut  Split  Open  to  Show  Parts,    a,  Absorbent  Organ; 

h.  Coconut  Meat. 
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COCONUT  ABSORBENT-ORGAN   PLATES. 

Pieces  of  the  absorbent  oi<^aii  were  sterilized  by  means  of  alcohol, 
mercuric  chlorid,  and  distilled  water,  and  then  placed  in  petri  dishes. 
The  plates  were  then  inoculated,  but  even  after  eight  days  there  ap- 
peared to  be  no  growth  on  the  tissues. 

COCONUT-MEAT  CYLINDERS. 

Cylinders  were  made  in  the  usual  way  from  coconut  meat  and  placed 
in  test  tubes  with  enough  water  to  cover  the  lower  half  of  each  cylin- 
der. The  tubes  were  sterilized  on  three  successive  days  by  steam- 
ing and  were  then  inoculated.     The  growth  resulted  as  follows: 

After  6  days:  The  submerged  parts  of  the  cylinders  were  pink  in  the  culture  tubes 
and  white  in  the  check  tubes.  The  top  of  the  cylinder  was  dark  and  translucent. 
The  liquid  was  moderately  clouded. 

After  27  days:  All  the  checks  were  pink  under  water;  coconut  Nos.  2  and  5,  and 
Bacillus  coll  (Hitchings,  XIV,  and  VI-ll-V-09)  were  greenish  white  under 
water,  and  the  water  was  of  the  same  color;  the  others,  including  Bacillus  coli 
(B.  A.  I.)  were  dark  pink  under  water;  no  definite  film  in  any  case;  the  growth 
appears  to  have  been  only  moderate. 

COCONUT  LEAFSTALK-TISSUE   PLATES. 

Large  pieces  of  leafstalk  of  both  old  and  very  young  leaves  were 
sterilized  in  alcohol,  mercuric  chlorid,  and  distilled  water  and  then 
placed  m  plates  and  inoculated. 

After  12  days:  Bacillus  coli  (Hitchiugs)  on  a  large  hard  piece  of  leafstalk,  surface 
mottled,  but  no  rot. 

Bacillus  coli  (VI-ll-V-09)  on  a  very  fibrous  piece  of  leafstalk,  covered  with  a 
brownish  slimy  mass;  not  soft  rotted  to  any  extent. 

Bacillus  coli  (XIV)  on  rather  young  leaf  tissues,  black,  soft  rotted  as  in  similar 
portions  of  a  naturally  infected  tree ;  exactly  the  appearance  of  the  leaf-base 
rot  in  the  mature  tree. 

Bacillus  coli  (B.  A.  I.)  on  two  slender  leaflets  became  completely  dried  up. 

Coconut  5,  one  of  the  pieces  of  young  tissue  was  black,  soft  rotted  as  in  typi- 
cal cases. 

No  other  coconut  organism  was  tried. 

COCONUT-WATER   CULTURES. 

The  ordinar}^  water  from  the  ripe  coconut  was  sterilized  m  tubes 
and  inoculated.  All  of  the  tubes  became  moderately  clouded  in 
two  da3^s  at  37°  C,  but  they  produced  no  gas  and  did  not  remain 
clouded  long.  In  15  days  all  were  practically  clean  except  coconut 
No.   1,  which  was  well  clouded. 

COCONUT-OIL   MEDIA. 

Coconut  oil  was  pressed  out  of  finely  cut  coconut  meat  both  before 
and  after  cooking,  and  this  was  purified  by  mixing  with  alcohol  and 
then  drying  out  completely.     After  purification  it  was  a  perfectly 
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clear  oily  liquid.     Cultures  were  made  into  tubes  of  this  material, 
but  ill  none  of  them  was  there  the  sMghtest  sign  of  clouding. 

Determination  op  Characteristics  of  the  Organism  by  Physical  Methods. 

Optimum  temperature. — Cultures  in  beef  bouillon  (+15)  were 
placed  in  different  temperatures  and  it  was  found  that  good  clouding 
resulted  in  24  hours  and  heavy  clouding  in  48  hours  at  any  tempera- 
ture from  25°  to  45°  C.  Surface  films  formed  more  quickly  at  the 
liigher  temperatures,  and  the  bouillon  showed  an  inclination  toward 
clearing  sooner  than  at  the  lower  temperatures.  Cultures  have 
remained  heavily  clouded  at  30°  C.  for  one  month;  at  22°  C.  (room 
temperature)  for  two  months  and  more;  at  39°  C.  for  one  month 
and  more.  The  pomt  of  most  luxuriant  growth  appears  to  lie 
between  30°  and  35°  C. 

Maximum  temperature. — The  maximum  temperature  is  not  laiown 
Cultures  kept  at  46°  C.  for  two  weeks  became  heavily  clouded  "wdth  a 
good   surface   film    and    afterwards    gradually    thinned,    as    though 
having  passed  their  best  growth. 

Minimuin  temperature. — Cultures  in  beef  bouillon  (+15)  were 
kept  at  various  temperatures  ranging  from  3°  C.  up  to  room  tem- 
perature. After  one  month  cultures  at  4°  C.  and  below  showed  no 
clouding.  Cultures  at  8.5°  C.  faded  to  cloud  until  after  one  month, 
when  one-third  of  the  tubes  became  thinly  clouded.  Cultures  at 
10°  C.  clouded  slowly  and  within  a  week  were  moderately  well  clouded. 
Thermal  death  point. — Cultures  in  beef  bouillon  (+15)  were 
exposed  for  10  minutes  in  water  heated  to  various  temperatures. 
Cultures  exposed  to  an  average  temperature  of  54.9°  C.  (variation 
from  54.4°  to  55°  C.)  for  10  mmutes  failed  to  grow.  Cultures  exposed 
to  an  average  temperature  of  51.6°  C.  (variation  from  51.4°  to 
51.8°  C.)  failed  to  cloud  in  24  hours,  but  in  48  hours  showed  a  retard- 
ing of  growth,  though  not  inhibition.  Cultures  exposed  to  an  average 
of  51.°  C.  (the  variation  from  50.8°  to  51.2°  C.)  were  moderately 
clouded  in  24  hours. 

Another  set  of  experiments  was  made  and  the  culture  in  bouillon 
clouded  in  24  hours  after  an  exposure  of  10  minutes  to  an  average  of 
54°  C.  (varying  from  53.85°  to  54.05°  C).  Cultures  exposed  to 
53.35°  C.  (varying  from  53.20°  to  53.40°  C.)  clouded  well  in  24  hours 
as  did  cultures  exposed  to  52.80°  and  52°  C. 

The  experiment  was  repeated,  and  cultures  exposed  for  10  minutes 
to  an  average  of  54°  C.  (53.95°  to  54°  C.)  clouded  in  18  hours.  Cul- 
tures exposed  to  a  temperature  of  55°  C.  (54.85°  to  55.15°  C.) 
became  lightly  clouded  in  18  hours  and  well  clouded  in  24  hours. 
Three  of  the  six  culture  tubes  exposed  to  a  temperature  of  56°  C. 
(56°  to  56.10°  C.)  clouded  in  24  hours,  the  three  remaining  tubes 
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failed  to  cloud.     Higher  temperatures  were  not  tried.     Tlie  thermal 
death  point  is  at  least  above  56°  C. 

A  repetition  of  this  exj)eriment  gave  the  following  results:  The  six 
coconut  cultures  and  four  strains  of  Bacillus  coli  exposed  10  minutes 
to  a  temperature  ranging  from  59.2°  to  59.6°  C.  failed  to  cloud  in  48 
hours  at  37°  C;  the  same  series  exposed  for  10  minutes  t^  a  tempera- 
ture ranging  from  57.4°  to  57.8°  C.  failed  to  cloud  in  48  hours  at 
37°  C;  the  same  series  exposed  for  10  minutes  to  a  temperature 
ranging  from  56.4°  to  56.6°  C.  failed  to  cloud  in  48  hours  at  37°  C. 
with  the  exception  of  Bacillus  coli  (Ilitchings) .  None  of  the  coconut 
cultures  and  only  this  one  strain  of  the  four  Bacillus  coli  strains  sur- 
vived this  experiment.  It  is  reported  in  some  textbook  of  bacteriology 
that  59°  C.  is  the  thermal  death  point  of  Bacillus  coli.  However  that 
is,  it  is  certain  that  none  of  the  organisms  used  survived  57°  C.  in 
this  experiment.  It  was  seen  in  the  preceding  experiment  that  aU 
the  coconut  cultures  exposed  to  a  temperature  of  54.85°  to  55.15°  C. 
grew  weU,  and  that  after  an  exposure  to  a  temperature  from  56°  to 
56.10°  C.  three  of  the  six  tubes  grew  well.  From  these  experiments 
it  would  seem  that  the  thermal  death  point  of  the  coconut  organisms 
and  of  Bacillus  coli  is  between  56°  and  57°  C. 

Miss  McCulloch  carried  out  the  following  additional  tests  in 
November,  1910:  Six  coconut  and  the  four  Bacillus  coli  strains  in 
newly  inoculated  beef  bouillon  were  subjected  for  10  minutes  to 
temperatures  of  56°,  57°,  and  58°  C,  then  incubated  at  33°  C.  In 
24  hours  two  of  the  Bacillus  coli  (B.  A.  I.  and  Hitchings)  in  the  56°  C. 
set  were  clouded;  no  growth  in  the  57°  C.  set;  coconut  No.  1  was 
clouded  in  the  58°  C.  set.  In  48  hours  three  of  the  Bacillus  coli 
(B.  A.  I.,  Hitchings,  and  VI-ll-V-09)  were  clouded  in  the  56°  C. 
set;  no  changes  in  the  others.     In  10  days  no  further  change. 

Other  experiments  were"  made,  trying  55°,  56°,  and  57°  C.  In 
48  hours  at  34°  C.  all  of  the  55°  C.  set,  with  the  exception  of  coco- 
nut Nos.  4  and  5,  were  clouded.  Three  strains  of  Bacillus  coli 
(Hitcliings,  VI-ll-V-09,  and  XIV)  and  coconut  No.  2  were  clouded 
in  the  56°  C.  set.  Coconut  No.  1  and  two  strains  of  Bacillus  coli 
(Hitchings  and  B.  A.  I.)  were  clouded  in  the  57°  C.  set.  In  six 
days  coconut  Nos.  4  and  5  were  still  clear  in  the  55°  C.  set.  Coconut 
Nos.  1,  2,  and  3,  and  three  Bacillus  coli,  in  the  56°  C.  set  clouded. 
No  further  change  in  the  57°  C.  set. 

Desiccation. — Clean  cover  glasses  were  sterilized  and  drops  of 
the  cultures  were  placed  upon  them,  after  which  they  were  set  away 
in  sterile  petri  dishes  to  dry  out  at  room  temperature.  Cultures 
dried  two  days  clouded  well  in  24  hours.  Those  dried  six  days 
clouded  but  little  in  the  same  time.  Cultures  dried  15  days  were 
still  able  to  cloud  the  bouillon. 
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Sunlight. — Agar  plates  were  made  and  half  of  each  of  them  covered 
with  black  paper;  they  were  then  set  on  ice  in  direct  sunlight,  the 
ice  serving  to  counteract  the  heat  effect  of  the  sun's  rays.  This 
experiment  was  carried  on  in  the  middle  of  January,  about  1  p.m., 
with  a  somewhat  hazy  sun.  The  plates  were  thickly  sown.  Those 
exposed  for  one  hour  failed  to  show  any  effect  whatever  from  the 
sunlight,  and  developed  in  an  apparently  normal  manner. 

This  experiment  was  repeated  on  February  2,  at  noon,  in  bright 
sunlight,  and  salt  was  added  to  the  ice  to  reduce  to  a  minimum  the 
liability  of  the  sun's  heat  affecting  the  organism.  Exposures  to  the 
du-ect  sunlight  were  made  for  30,  45,  75,  90,  and  120  minutes.  In 
24  hours  all  the  plates  showed  good  growth  on  the  unexposed  half 
of  the  dish.  On  the  plate  exposed  for  30  minutes  only  about  half 
as  many  colonies  appeared  on  the  exposed  side  as  on  the  unexposed. 
On  the  plate  exposed  45  minutes  the  reduction  was  still  greater,  but 
the  colonies  could  not  be  definitely  counted  on  account  of  their  ten- 
dency to  coalesce.  On  the  plate  exposed  for  60  minutes  about 
one-eighth  as  many  colonies  appeared  on  the  exposed  as  on  the  unex- 
posed side.  On  the  plate  exposed  75  minutes  no  colony  appeared 
on  the  exposed  side.  The  same  condition  was  true  for  the  plates  of 
90  and  120  minutes  exposure.  In  36  hours  six  submerged  colonies 
were  visible  on  the  120-minute  plate,  and  some  were  visible  on  aU 
the  others,  in  addition  to  the  spread  of  the  colonies  from  the  unex- 
posed side  of  the  plate. 

INOCULATIONS     FOR    THE     COMPARISON     OF    THE     COCONUT    ORGANISM 

AND    BACILLUS    COLI. 

In  earlier  pages  of  this  paper  it  has  been  shown  that  a  certain 
organism  could  produce  diseased  conditions  by  artificial  inoculations 
into  healthy  coconut  trees,  identical  with  typical  bud-rot.  On 
subsequent  pages  it  has  been  shown  that  this  coconut  organism  is 
practically  identical  in  its  cultural  features  with  the  common  Bacillus 
coli.  The  next  step  was  to  produce  conditions  similiar  to  bud-rot  by 
means  of  inoculations  with  Bacillus  coli  derived  from  animals.  For 
this  purpose  several  experiments  have  been  carried  out  in  the  green- 
house Vvdth  coconut  seedlings.  The  coconut  organism  was  inoculated 
into  some  seedlings  for  comparison  with  the  Bacillus  coli  inoculations. 

Experiment  No.  1. 

Inoculations  with  the  coconut  organism  and  with  Bacillus  coli 
(from  animals)  were  made  into  coconut  seedlings  on  February  17 
from  cultures  of  February  16.  At  the  same  time  a  solution  of 
ammonium  oxalate  was  injected  into  a  seedling.  Xo  check  inocula- 
tions other  than  this  were  made  at  this  time, 
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The  inoculations  were  examined  from  time  to  time,  and  finally  on 
March  7,  IS  days  after  the  injection,  the  material  was  collected  and 
attem})ts  were  made  to  isolate  the  orjijanisms  inoculated.  The 
methods  of  procedure  for  identifying  tlie  coconut  organism  and 
Bacillus  coli  were  tlie  same  and  were  based  on  some  of  the  char- 
acteristic reactions  of  these  organisms.  Dolt's  synthetic  medium 
No.  1  (a  litmus-lactose-glycerin  agar,  p.  79),  litmus  milk  (p.  94), 
nitrate  bouillon  (p.  71),  fermentation  tubes  containing  peptone  and 
dextrose  with  neutral  red  (p.  80),  and,  in  some  instances,  gelatin, 
were  used.  These  media  have  been  recommended  by  various 
investigators  who  have  carried  out  extensive  work  with  Bacillus 
coll  in  connection  with  their  ''board  of  health"  investigations  and 
full  discussions  of  them  are  given  on  the  pages  cited.  Following  are 
the  results  of  this  experiment: 

Inoculation  No.  1,  with  ammonium  oxalate:  The  inoculation  point  was  about  the 
same  as  with  Bacillus  coli,  only  drier. 

Inoculation  No.  2,  with  Bacillus  coli:  Discoloration  for  only  a  short  distance  from 
the  inoculation  hole;  a  water-soaked  discoloration  but  not  appearing  like  a  soft  rot. 

Inoculation  No.  3,  with  coconut  No.  5:  Discoloration  extended  a  distance  of  4 
centimeters  from  the  hole  and  the  tissues  appeared  under  the  microscope  to  be  full 
of  bacteria. 

Inoculation  No.  4,  with  coconut  No.  5:  Discoloration  appeared  for  only  a  short 
distance  about  the  inoculation  hole;  discolored  tissues  appeared  under  the  micro- 
scope to  be  full  of  bacteria. 

On  the  agar  plates  poured  in  the  usual  way  from  these  diseased 
tissues  there  appeared  round,  white  colonies,  typical  of  the  coconut 
organism  in  the  case  of  the  coconut  plates;  but  round,  thin,  white 
colonies,  some  with  dentate  margins,  both  typical  and  atypical  forms 
of  Bacillus  coli,  in  the  case  of  the  Bacillus  coli  plates. 

Transfers  were  made  of  selected  colonies  from  these  plates  to 
litmus  milk,  and  after  five  days  all  of  the  tubes  had  produced  red 
surface  rings,  but  in  only  one  case  (from  coconut  inoculation  No.  3) 
had  the  medium  turned  entirely  red. 

These  cultures  w^ere  also  transferred  to  agar  containing  neutral 
red,  to  Dolt's  synthetic  medium,  and  again  to  litmus  milk.  In  each 
case  negative  results  were  obtained  for  both  the  coconut  organism 
and  Bacillus  coli. 

Plates  were  again  poured  from  dilutions  of  the  original  bouillon 
tubes  containing  the  diseased  material,  and  this  time  Dolt's  litmus- 
lactose-glycerin  agar  was  used.  In  five  days  pink  colonies  typical 
of  both  the  coconut  organism  and  of  Bacillus  coli  were  formed  on 
their  respective  plates.  Twelve  out  of  the  fourteen  plates  poured 
showed  these  colonies. 

Transfers  were  made  from  these  pink  colonies  to  nitrate  bouillon, 
and  two  days  afterwards  test  for  the  reduction  of  nitrate  to  nitrite 
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showed  in  tubes  from  two  of  the  Bacillus  coli  plates,  in  tubes  from 
three  of  the  plates  of  coconut  inoculation  No.  3,  and  in  one  of  the 
plates  from  coconut  inoculation  No.  4. 

Before  the  nitrate  tubes  were  used  for  the  test  transfers  were  made 
to  beef  bouillon  and  subsequently  transfers  from  these  were  made 
to  litmus  milk.  In  two  days  each  of  the  litmus-milk  tubes,  from 
nitrate  tubes  that  had  responded  to  the  reduction  test,  showed  the 
typical  reddening  of  the  litmus  and  coagulation  of  the  milk  that  is 
found  in  the  coconut  organism  and  in  Bacillus  coli. 

The  tests  for  these  organisms  were  not  carried  out  further,  it  being 
considered  that  the  typical  reaction  found  in  the  litmus-lactose- 
glycerin  agar,  in  the  nitrate  bouillon,  and  in  litmus  milk  were  suffi- 
cient for  identification. 

The  only  further  means  of  identification  was  to  make  transfers 
from  the  original  bouillon  which  contained  the  diseased  matter 
directly  to  various  media  without  the  preliminary  plating  out  of 
individual  colonies.  In  this  way  transfers  were  made  to  litmus 
milk,  in  which  case  all  but  one  of  the  tubes  reddened  and  coagulated 
the  inilk;  to  beef  agar  containing  neutral  red,  in  which  case  all  the 
tubes  produced  gas  and  turned  the  color  of  the  medium  to  a  canary 
yellow  at  the  base;  and  to  litmus-lactose-glycerin  agar,  in  which 
good  pink  colonics  were  formed,  as  in  Bacillus  coli  and  the  coconut 
organism,  and  the  agar  was  entirely  reddened.  These  tests  were 
considered  sufficient  to  indicate  that  the  same  organisms  were  to  be 
found  in  the  diseased  material  as  were  originally  injected  into  the 
healthy  tissues.  It  appears  from  this  that  not  only  the  coconut 
organism  but  also  Bacillus  coli  (from  animals)  is  capable  of  producing 
a  destruction  of  the  heart  tissues  of  the  coconut  plant.  Although 
this  was  not  altogether  a  surprise  after  making  the  extensive  com- 
parison of  the  two  organisms  that  has  been  described  on  previous 
pages  and  the  close  similarity  of  the  organisms  that  has  been  sho\vn, 
yet  the  fact  that  Bacillus  coli  or  any  bacterial  organism  tliat  is  com- 
monly associated  with  animal  life  is  capable  of  producing  a  plant 
disease  was  so  unexpected  that  further  confirmation  was  thought 
desirable.  The  one  inoculation  of  Bacillus  coli  described  in  this 
experiment,  while  on  the  face  of  it  appearing  to  have  all  the  points 
necessary  for  verification,  yet  demands  several  repetitions  before  it 
can  be  accepted  as  an  incontrovertible  fact.  To  this  end  further 
inoculations  were  carried  out. 

Experiment  No.  2. 

Along  with  the  otlier  inoculations  just  described  as  being  made 
on  February  17  a  second  injection  of  Bacillus  coli  (derived  from 
animals)  was  made  into  a  coconut  seedhng  and   likewise  another 
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solution  of  ammonium  oxalate.  This  work  was  done  in  the  usual 
way  and  left  until  April  5,  at  which  time  (after  47  days)  the  material 
was  collected  and  i)latings  from  the  diseased  tissue  were  made  bf»th 
by  the  writer  and  by  Miss  Lucia  McCulloch.  The  appearance  of  the 
inoculations  was  as  follows: 

Bacillus  coli. — The  outermost  point  of  the  inoculation  was  merely  a  trifle  browned 
and  water  soaked  and  not  at  all  extensive.  The  next  inner  leaf  and  the  one  inclosing 
the  central  leaf  had  uppermost  an  inoculation  hole  which  was  browned  and  water 
soaked,  but  only  8  millimeters  in  extent.  On  the  other  side  of  this  same  leafstalk  was 
a  soft-rotted  white  area  about  5  centimeters  long.  The  innermost  leaf,  which  was 
still  folded,  showed  the  result  of  the  inoculation  extending  over  a  distance  of  9  centi- 
meters. The  diseased  part  at  the  lower  end  was  only  slightly  browned  and  dry,  the 
middle  was  soft  rotted  and  water  soaked,  and  the  upper  part  was  considerably  black- 
ened. The  rot  was  a  typical  soft  rot,  although  it  had  not  reduced  the  tissues  to  a 
watery  fluid. 

Ammonium  oxalate. — In  the  outer  tissues  this  inoculation  had  no  characteristic 
effect.  In  the  inner  tissues  the  leaf  was  somewhat  blackened  and  dry.  No  soft  rot 
was  in  evidence.  The  action  seems  to  have  been  a  poisonous  one  rather  than  one 
having  any  effect  in  dissolving  the  tissues. 

The  isolation  of  the  organism  from  the  diseased  material  as  carried 
out  by  Miss  McCulloch  is  described  in  the  following  paragraphs : 

Young  coconut  leaf,  brown  to  black  with  rot  at  base.  Bacteria  only  moderately 
abundant  as  seen  by  the  microscope.     Some  mycelium  found. 

Plates  poured  with  ordinary  beef  agar  showed  in  20  hours  numerous  round,  white 
colonies  up  to  2  millimeters  in  diameter.  Transfers  were  made  to  agar  and  to  litmus 
milk. 

In  48  hours  the  agar  colonies  which  had  been  white  were  cream  color,  opaque,  and 
not  quite  round.  Transfers  were  made  from  the  agar  tubes  to  fermentation  tubes 
containing  1  per  cent  peptone  water  plus  1  per  cent  dextrose  plus  neutral  red  and  to 
tubes  containing  nitrate  bouillon. 

In  three  days  the  fermentation  tubes  contained  gas  to  the  amount  of  2.5  to  3  centi- 
meters and  the  closed  arms  were  canary  yellow.  Five  out  of  the  six  tubes  showed 
this  reaction.  The  nitrate-bouillon  cultures  were  then  tested  for  the  reduction  of 
nitrates  to  nitrites  and  the  same  five  out  of  the  six  tubes  responded  to  the  test. 

Transfers  were  made  from  the  five  fermentation  tubes  which  produced  gas  to  slant 
tubes  of  Dolt's  synthetic  medium.  In  two  days  the  medium  became  reddened  and 
the  cultures  showed  a  good  pink,  wet-shining  growth. 

Transfers  were  made  from  these  slant  agar  tubes  to  litmus  milk  and  to  agar  con- 
taining dextrose  and  neutral  red. 

The  litmus-milk  cultures  made  directly  from  the  plates,  for  the  most  part,  reddened 
and  coagulated.  The  litmus-milk  cultures,  from  the  slant-agar  Dolt's  medium, 
likewise  reddened  and  coagulated. 

The  agar  tubes  containing  dextrose  and  neutral  red  after  inoculation  showed  good 
growth  and  a  subsequent  bleaching  of  the  color,  but  no  change  to  canary  yellow. 
As  the  reaction  is  an  inconstant  one,  however,  it  can  not  be  considered  e\'idence 
against  the  identification  of  Bacillus  coli. 

Thus,  in  Miss  McCuUoch's  isolations  of  the  organisms  she  obtained 
bacteria  which  coagulated  milk,  reddened  litmus,  grew  well  on  Dolt's 
litmus-lactose-glycerin  agar,  produced  gas,  and  caused  a  change  to 
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canary  yellow  of  fermentation  tubes  with  peptone  and  neutral  red, 
and  reduced  nitrates  to  nitrites. 

The  writer  of  this  paper  likewise  made  attempts  to  isolate  Bacillus 
coli  from  the  same  diseased  seedling  used  by  Miss  McCulloch.  The 
process  was  sunilar  to  that  in  experiment  1  and  showed  results  as 
follows : 

The  agar  plates  which  were  poured  from  the  diseased  material  showed  in  24  hours 
numerous  round,  white,  raised,  wet-shining  colonies  typical  of  Bacillus  coli.  Some 
of  the  colonies  were  irregular  in  shape,  even  to  radiate  branching,  and  some  were 
bluish  and  iridescent  in  transmitted  light,  but  these  are  variations  often  met  with  in 
what  passes  for  Bacillus  coli. 

Transfers  were  made  from  the  various  colonies  to  plain  beef-bouillon  tubes  and 
thence  to  nitrate-bouillon  tubes.  After  three  days  in  the  nitrate  bouillon,  tests  were 
made  for  the  reduction  of  nitrates,  and  it  was  found  that  6  out  of  the  13  tubes  responded 
to  the  test.  Of  these  six,  two  were  from  round,  white  colonies;  one  from  round,  white, 
iridescent;  one  from  blue  iridescent;  one  from  radiate  branched;  and  one  from  an 
irregular  blue  iridescent  colony.  Those  cultures  which  failed  to  show  the  reduction 
were  largely  from  round  colonies. 

Fermentation  tubes  containing  dextrose,  peptone,  and  neutral  red  were  inoculated, 
and  after  two  days  at  37°  C.  showed  the  typical  canary-yellow  color  in  the  closed 
arm,  together  with  an  average  of  35  millimeters  of  gas.  Four  out  of  seven  of  the  tubes 
tried  responded  to  this  test.  From  these  four  tubes  transfers  were  made  to  Dolt's  litmus- 
lactose-glycerin  agar  slant  tubes  where  all  grew  well,  reddened  the  agar,  and  produced 
good  pink  growths. 

Transfers  were  made  from  these  same  tubes  in  gelatin  and  placed  in  the  thermostat 
at  37°  C,  where  an  excellent  growth  took  place.  After  48  hours  the  tubes  were 
placed  in  an  ice  box  and  the  medium  soon  became  entirely  solidified,  showing  that 
no  liquefaction  had  taken  place. 

From  these  results  it  will  be  observed  that  the  same  conclusion  may  be  derived 
as  from  Miss  McCulloch 's  platings,  that  is,  that  Bacillus  coli  was  isolated  from  the 
diseased  material  obtained  from  an  inoculation  of  Bacillus  coli. 

Experiment  No.  3. 

On  April  14,  1910,  two  inoculations  were  made  into  coconut  seed- 
lings with  cultures  of  Bacillus  coli. 

The  point  of  inoculation  on  the  seedling  was  washed  with  a  solution 
of  mercuric  chloride  before  inoculation. 

On  May  16,  just  32  days  afterwards,  these  two  inoculations  were 
cut  out  and  examined.     They  appeared  as  follows: 

(a)  Dry,  brown  discoloration  about  upper  part  of  hole.  At  extreme  lower  end  were 
water-soaked  discolorations  and  slight  signs  of  rot.  At  the  lower  part  the  tissues  were 
considerably  split  up.  The  edges  of  the  cracks  were  yellowed,  and  in  the  cracks 
were  masses  of  what  appeared  to  be  bacteria,  but  little  active  motility  was  discernible. 

(b)  Good  water-soaked,  brown,  soft  rot  extending  about  5  centimeters  (PI.  XII). 

Diseased  material  from  these  inoculations  was  carefully  rinsed  in 
alcohol,  soaked  in  mercuric  chlorid,  and  rinsed  in  distilled  water; 
then,  by  means  of  sterile  knives  and  forceps,  small  pieces  were  put 
into  test  tubes  containing  beef  bouillon  and  there  thoroughly  cut  up. 
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These  tubes  were  allowed  to  stand  over  night,  and  on  the  followmg 
day  dilutions  of  the  tubes  were  made  in  the  customary  manner  and 
plates  were  poured,  using  Dolt's  synthetic  medium. 

In  two  days  every  one  of  the  10  plates  showed  pink  colonies, 
and  where  there  were  more  than  two  or  three  colonies  the  agar  was 
entirely  reddened.  In  some  plates  the  colonics  were  few,  while  in 
others  they  were  numerous.  For  the  most  part  they  were  round 
and  to  all  appearances  like  Bacillus  coli.  The  fact  that  they  red- 
dened the  litmus  and  grew  well  in  this  lactose  medium  is  good  evidence 
of  their  identity. 

Transfers  were  made  on  May  21  from  the  pink  colonies  to  litmus 
milk  and  incubated  at  37°  C.  In  24  hours  the  four  tubes  were  red, 
coagulated,  and  showed  abundant  whev.  Transfers  from  these 
litmus-milk  tubes  were  made  to  nitrate  bouillon  on  May  28  and  three 
days  afterwards  were  tested  for  the  reduction  of  nitrates  to  nitrites. 
Each  one  of  the  tubes  showed  the  reduction  well. 

On  June  2  transfers  were  made  from  the  litmus-milk  tubes  to 
fermentation  tubes  containing  peptone  and  neutral  red  to  test  for  the 
canary-yellow  color.  The  tubes  were  incubated  at  37°  C.  After 
two  days  light  clouding  took  place,  but  no  gas  formation  nor  reduc- 
tion of  color.  This  behavior  being  entirely  contrary  to  that  of 
Bacillus  coli,  the  medium  was  tested  for  dextrose,  which  it  should 
have  for  the  complete  reaction.  It  was  found  by  the  use  of  Feliling's 
solution  that  not  a  particle  of  reducing  sugar  was  in  the  fermentation 
tubes,  so  a  fresh  medium  containing  the  peptone,  dextrose,  and 
neutral  red  was  made  up.  These  tubes  were  incubated  at  37°  C. 
After  18  hours  a  small  amount  of  gas  appeared,  but  little  change  in 
color.  In  24  hours  the  tubes  showed  31  to  34  millimeters  of  gas, 
and  each  one  was  changed  to  the  canary  yellow  in  the  closed  end 
and  to  a  bright  red  in  the  open  end. 

Transfers  from  each  of  these  four  fermentation  tubes  were  made 
to  beef  gelatin  and  incubated  for  48  hours  at  37°  C.  At  the  end  of 
that  time  all  the  tubes  showed  heavy  precipitate,  several  large  clots 
in  suspension,  and  moderate  films.  The  tubes  were  placed  in  an 
ice  box  and  allowed  to  harden.  Eventually  each  one  of  these  became 
solidified  and  showed  absolutely  no  sign  of  liquefaction  of  the  gelatin. 

Thus,  in  this  third  experiment  the  same  organism  that  was  inocu- 
lated, viz,  Bacillus  coli,  was  isolated  from  the  decayed  tissues. 

Experiment  No.  4. 

On  May  7  Miss  McCulloch  inoculated  several  coconuts  under  the 
supervision  of  the  writer.  Strains  of  Bacillus  coli  (Hitchings  and 
VI-ll-V-09)  which  had  not  been  in  the  hands  of  the  writer  at  all 
were  used.     The  coconuts  for  this  experiment  had  but  recently  been 
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set  out  after  their  arrival  from  a  locality  in  Florida  where  the  bud-rot 
does  not  occur.  They  were  just  beginning  to  make  good  growth. 
The  following  notes  are  from  Miss  McCulloch: 

Seedlings  6  to  12  inches  out  of  nut:  At  base  of  stalk  a  spot  was  washed  with  1:1000 
HgClo,  rinsed  in  sterile  water,  then  with  sterile  needle  a  puncture  made  to  heart  or 
center  of  stalk.  The  bacterial  growth  from  agar  slant  was  washed  off  in  sterile  water 
and  this  water  (cloudy  with  bacteria)  was  injected  with  a  hypodermic  needle  into  the 
center  of  the  plant.  Inoculations  Nos.  1  to  4  from  agar  slants  1  to  4  Hitchings  strain  of 
Bacillus  coli;  inoculations  Nos.  5,  6,  and  7  from  agar  slants  1,  2,  and  3  of  VI-ll-V-09 
strain  of  Bacillus  coli.  After  inoculation  the  agar  from  the  tubes  was  taken  out  on  the 
cotton  plug  and  bound  over  the  point  of  inoculation.  Checks  Nos.  8  and  9  were 
punctvu-ed  with  sterile  needle  and  the  binding  of  agar  and  cotton  put  on  as  with 
inoculated  plants. 

Inoculation  No.  4,  collected  June  8:  The  path  of  the  inoculating  needle  is  brown. 
In  the  youngest  inner  leaf  there  is  a  brown,  water-soaked  area  about  the  inoculation 
point;  extends  1.5  centimeters  above  and  1  centimeter  below  the  inoculation  point. 
Brownish  tissue  1.5  centimeters  above  used  for  plating.  Tissue  was  washed  in 
alcohol,  merciu-ic  chlorid,  and  water,  and  then  crushed  in  the  test  tubes. 

June  10:  No  colonies  on  these  plates.  They  have  been  at  37°  C.  for  24  hours,  and  at 
room  temperature  for  24  hours.     A  new  set  of  plates  was  poured  from  same  tubes. 

June  13:  A  few  white  colonies  only,  on  original  plate;  discarded.     Same  with 

second  set. 

Inoculation  No.  5:  Inoculating  needle  missed  the  center  of  the  growth.  There  is 
no  discoloration  about  the  path  of  the  needle  except  in  the  leaf  base  last  punctured, 
where  there  is  considerable  water-soaked,  reddish  tissue,  some  of  it  3  centimeters 
from  inoculation  point.  Some  of  this  diseased  tissue  farthest  from  inoculation  was 
washed  in  alcohol,  mercuric  chlorid,  and  water,  and  crushed  in  test  tubes.  No  organ- 
isms responding  to  Bacillus  coli  tests  were  isolated. 

Inoculation  No.  7:  The  central  leafstalk  seems  unaffected  by  the  inoculation. 
The  base  of  the  leaf  just  outside  this  shows  discoloration  and  is  slightly  water-soaked 
around  the  opening  made  by  the  needle.  All  the  dark  part  was  cut  off  from  the 
remainder  of  the  leaf.  The  hole  was  laid  open — the  loose  soft  part  in  the  opening 
removed — then  the  whole  discolored  part  was  immersed  in  95  per  cent  alcohol  15 
seconds,  then  in  HgClo  for  2  minutes,  and  washed  in  several  changes  of  distilled 
water  for  half  an  hour.  The  material  was  then  crushed  finely  in  beef  bouillon  and 
allowed  to  stand  with  frequent  shaking  for  3.5  hours  before  plates  were  poured.  After 
2  days  at  37°  C.  only  a  few  white  colonies  appeared  on  the  plate.  Plates  were  again 
poured  on  the  Dolt's  synthetic  medium,  but  as  before  only  white  colonies  appeared. 
Plates  discarded. 

The  remaining  inoculations  of  May  7  were  examined  by  the  writer, 
using  the  customary  precautions  of  rinsing  in  alcohol  and  soaking  in 
mercuric  chlorid.     The  results  were  as  follows: 

Inoculation  No.  1,  collected  on  Jimc  8:  The  tissues  about  2.5 
centimeters  above  inoculation  point  showed  a  browning;  a  rather  dry 
rot.  Plates  were  made  in  the  usual  way  on  June  9  in  Dolt's  syn- 
thetic medium  and  incubated  at  37°  C. 

June  10:  Plate  lb  thickly  sown  with  irregular,  luxuriant  pink  colonies. 
Plate  1  c^,  no  colonies. 
Plate  Ic,  numerous  pink  colonies. 
Plate  lb,  Five  round  pink  colonies;  one  irregular  mass. 
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Plate  la,  numerous  pink  colonies. 
Plate  1,  numerous  pink  colonies. 
Plate  1'-,  Four  tiny  pink  colonies. 
Plate  la'-,  Four  tiny  pink  colonies. 

Thus,  some  of  these  plates  suggest  the  presence  of  Bacillus  coli. 
Four  tubes  were  made  from  the  diseased  material,  marked  thus:  No.  1, 
No.  1  a,  No.  1  b,  and  No.  1  c.  From  these  dilutions  were  made, 
marked  the  same,  and  from  them  second  dilutions  were  made, 
marked  No.  P,  No.  la-,  No.  lb-,  and  No.  Ic-.  Plates  from  these 
tubes  have  already  been  described  for  one  day's  growth.  In  two 
days  they  appeared  as  follows,  in  the  order  of  their  dilution: 

No.  1:  Well  sown  with  round  pink  colonies,  mostly  typical  of  Bacillus  coli. 

No.  1^:  Five  round  pink  colonies,  unlike  Bacillus  coli. 

No.  la:  Many  luxuriant  pink,  irregular,  smooth  colonies, unlike  Bacillus  coli. 

No.  la^:  Six  colonies,  unlike  Bacillus  coli. 

No.  lb:  Well  sown  with  round,  pink  colonies,  typical  of  Bacillus  coli. 

No.  lb-:  Several  colonies;  none  like  Bacillus  coli. 

No.  Ic:  Well  sown  with  small,  round  pink  Bacillus  coli  colonies. 

No.  1  c^:  Four  colonies,  unlike  Bacillus  coli. 

These  notes  were  made  on  the  plates  after  transfers,  so  that  some 
colonies  which  might  have  been  Bacillus  coli  were  destroyed  by  the 
needle.  Transfers  from  these  plates  to  litmus  milk  were  incubated 
at  37°  C.  All  the  tubes  became  reddened  and  coagulated  in  48  hours. 
Transfers  were  made  from  the  litmus-milk  cultures  into  nitrate 
bouillon  and  incubated  at  37°  C.  for  48  hours.  At  the  end  of  that 
time  they  were  tested  and  all  showed  reduction  of  nitrates  to  nitrites. 
Transfers  were  then  made  from  the  litmus  milk  to  fermentation  tubes 
containing  neutral  red  and  dextrose,  and  these  were  incubated  at 
37°  C.  After  48  hours  every  one  of  the  10  tubes  showed  the  tj^^ical 
greenish-yellow  color  reaction  in  the  closed  arm  of  the  fermentation 
tube  characteristic  of  Bacillus  coli.  Transfers  were  made  to  gelatin 
and  incubated  at  37°  C.  for  48  hours.  They  were  then  placed  in  an 
ice  box  to  permit  hardening.  After  10  hours  all  of  these  tubes  were 
found  to  be  perfectly  firm,  thus  showing  that  no  liquefaction  of  the 
gelatin  had  taken  place.  No  further  tests  were  made,  as  it  was 
believed  that  sufficient  had  been  shown  to  indicate  that  Bacillus 
coli  was  in  the  tissues  into  which  it  had  been  injected  in  inoculation 
No.  1. 

Inoculation  No.  2,  of  May  7:  The  outer  sheath  was  very  slightly 
water  soaked  about  the  inoculation  hole.  The  under  leaves  were 
rotted  only  a  slight  distance;  more  than  in  the  checks,  but  scarcely 
enough  to  plate  out. 

Inoculation  No.  3,  of  May  7:  The  outer  sheath  was  bro\Mi  rotted 
2  millimeters  about  the  inoculation  hole  on  the  inner  side.  Above  the 
hole  were  numerous  brown  spots,   apparently  stomatal  infections 

228 


134  HISTOEY  AND   CAUSE   OF  THE   COCONUT  BUD-EOT. 

from  the  excess  of  bacterial  liquid  inoculated.  These  tiny  brown 
spots  were  surrounded  by  water-soaked  areas.  The  inner  part  of  the 
tissue  was  bro^vned  and  rotted  for  a  distance  of  2.5  centimeters.  The 
tissues  were  not  soft  rotted.  The  middle  leaves  were  densely 
covered  with  browTi  water-soaked  spots  up  to  2.5  centimeters  from 
the  browTi-rotted  area.  From  this  inoculation  6  plates  were  made 
on  June  7  using  Dolt's  synthetic  medium.  On  June  9  all  of  the 
plates  showed  one  or  more  pink  colonies.  Transfers  were  made  from 
the  pink  colonies  to  litmus  milk  and  incubated  at  37°  C.  After  four 
days  two  of  the  tubes  had  reddened  and  coagulated;  five  had  red- 
dened but  remamed  uncoagulated;  and  one  had  turned  the  litmus  blue. 
Transfers  to  nitrate  bouillon  showed  after  48  hours  that  all  of  these 
cultures  except  the  one  which  had  blued  litmus  were  capable  of 
reducing  nitrates  to  nitrites.  Transfers  were  then  made  to  fermen- 
tation tubes  containing  neutral  red  and  dextrose.  These  tubes 
after  incubation  for  48  hours  at  37°  C.  showed  the  greenish-yellow 
reaction  in  the  closed  arm  as  in  the  case  of  the  same  cultures 
that  had  both  reddened  the  litmus  and  coagulated  the  milk. 
Those  which  had  only  reddened  the  litmus  without  coagulating  the 
milk  produced  a  deep-red  color  in  both  ends  of  the  fermentation 
tubes.  Thus  two,  at  least,  of  these  cultures  appeared  to  be  Bacillus 
coll. 

Inoculation  No.  6,  of  May  7,  collected  on  June  8 :  The  outer  sheath 
was  brown  and  water  soaked  for  8  millimeters  about  the  hole.  The 
inner  leaves  were  browTi  rotted  25  millimeters  from  the  hole,  but 
there  was  no  soft  wliite  rot.     No  platings  were  made. 

Inoculation  No.  8,  check:  Browning  of  the  tissue  was  only  immedi- 
ately about  the  inoculation  hole.  This  discoloration  did  not  extend 
any  appreciable  distance.  Absolutely  no  sign  of  rot  or  of  destruc- 
tion of  tissue. 

The  results  of  these  inoculations  show  that  all  of  the  cultures 
produced  much  more  effect  on  the  coconut  tissue  than  did  the  bare 
check  inoculation;  that  in  some  cases  there  was  a  distinct  rot  and 
that  in  two  inoculations  apparently  Bacillus  coU  was  reisolated. 
These  inoculations  were  all  made  with  Bacillus  coli,  a  strain  desig- 
nated as  Hitchings,  and  made  by  one  unaccustomed  to  work  with  the 
coconut  plant — a  very  important  matter.  Moreover,  the  plants 
were  in  poor  condition  for  the  purpose,  as  they  were  just  starting  a 
rapid  growth  which  in  several  cases  caused  the  central  leaves  to 
develop  into  firm,  resistant  tissue  before  the  rotting  effect  could 
take  place.  The  work  would  probably  be  more  successful  if  the  husk 
were  partly  removed  about  the  young  shoot  and  the  inoculations 
made  in  the  thickest  part  of  the  stem.  As  it  was,  all  the  inoculations 
were  made  outside  of  the  husk  in  the  more  or  less  unsatisfactory 
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green    hardened    tissues   (PI.  XI)   and  in  plants  not  making  one- 
quarter  as  rapid  growth  as  they  would  have  made  in  the  Tropics. 

Experiment  No.  5. 

On  August  15,  1910,  three  inoculations  were  made  into  coconut 
trees  in  Baracoa  with  a  strain  of  Bacillus  coli  obtained  from  Dr.  Theo- 
bald Smith.  The  three  trees  were  each  about  C  years  old  and  were 
apparently  in  a  perfectly  healthy  condition,  although  they  were 
bordering  a  grove  of  some  1,200  trees  that  had  just  been  entirely 
destroyed  by  the  bud-rot. 

On  September  28  these  inoculations  were  examined. 

Inoculation  No.  1  proved  to  have  been  made  too  low.  It  was 
below  the  heart  and  in  the  woody  tissue.  The  tissue  was  entirely 
rotted  about  1  centimeter  around  the  hole  from  the  outside  to  the 
interior.  On  the  outer  sheaths  the  brown  discoloration  extended 
several  centimeters. 

Inoculation  No.  2  was  the  same  as  No.  1.  Here  also  the  inocula- 
tion was  in  the  wood  below  the  heart. 

Inoculation  No.  3  was  in  the  soft  tissues  above  the  heart.  The 
hole  itself  w^as  perfectly  dry  and  uninfected  in  the  interior.  Extend- 
ing from  the  hole  upward  for  1  meter  and  only  on  the  inoculated 
side  was  the  typical  soft  white  rot  of  the  bud-rot  disease.  The  infec- 
tion was  visible  on  the  upper  part  of  the  central  leaves.  There  were 
no  insects  or  other  signs  of  carriers  of  the  disease.  It  could  not  be 
determined  if  the  rot  was  caused  by  the  inoculation,  because,  (1)  it 
became  more  conspicuous  from  a  point  8  centimeters  above  the  hole, 
but  this  may  have  been  because  of  tissues  better  suited  to  infection 
at  that  point  and  upward,  infectious  fluid  being  injected  into  all  this 
area;  or  because  (2)  by  rapid  growth  the  soft  injected  tissues  were 
carried  up  beyond  the  level  of  that  part  of  the  puncture  passing 
through  the  older  tissues.  The  method  of  inoculation  consisted  first 
in  boring  a  hole  to  the  center  of  the  trunk  by  means  of  a  9-millimeter 
steel  bit  and  then  injecting  the  fluid  containing  the  germs  by  means  of 
a  large  syringe.  As  the  terminus  of  the  hole  in  this  case  was  made 
into  the  soft  tissues  it  is  very  possible  that  the  syringe  did  not  follow 
the  hole  throughout,  but  was  pushed  to  one  side  in  the  soft  inner  tis- 
sues. Such  a  condition  could  not  be  determined  for  the  reason  that 
the  end  of  the  syringe  was  small  and  would  make  only  a  very  small 
hole,  and  the  tissues  were  rotted  at  this  point  so  that  any  hole,  unless 
very  large,  would  be  indistinguishable.  The  writer  considered  the  rot 
due  to  the  Bacillus  coli  introduced  by  him.  On  the  other  hand,  it 
might  be  claimed  that  the  inoculation  failed  and  that  the  infection 
was  entirely  an  outside  one.  However,  if  the  same  kind  of  organism 
that  was  injected  could  be  isolated  from  the  diseased  tissues  it  would 
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go  a  long  way  toward  proving  the  relation  of  Bacillus  coli  to  the 
disease. 

Material  from  each  of  these  three  inoculations  was  secured,  rinsed 
in  mercuric  chlorid,  then  in  water,  and  finally  pieces  of  it  transferred 
by  means  of  sterile  knives  and  forceps  to  tubes  containing  Dolt's 
synthetic  medium.  These  tubes  were  taken  to  Washington  and 
there  plated  out.  It  was  found,  by  the  usual  method  of  isolation 
described  on  other  pages,  that  in  the  case  of  each  of  the  inoculations, 
Bacillus  coli,  the  same  organism  that  was  injected  was  present  in 
great  numbers,  although  in  no  case  were  pure  cultures  obtained. 
The  results  of  these  inoculations  by  themselves  are  rather  unsatis- 
factory, but  taken  together  with  the  earlier  results  they  afford  good 
evidence  as  to  the  relation  of  Bacillus  coli  to  the  disease. 

Experiment  No.  6. 

Ten  inoculations  into  coconut  seedlings  were  made  with  Bacillus 
coli  (Theobald  Smith  XIV)  on  October  14  in  the  greenhouse  at 
Washington.  Examined  on  November  10  they  showed  the  following 
conditions : 

Six  of  the  inoculations  showed  only  a  slight  browning  of  the  tissues 
about  the  hole  and  some  water-soaked  areas,  but  no  rot  nor  dis- 
coloration of  the  sheaths. 

Two  inoculations  showed  a  good  bro\\Ti  rot  for  a  short  distance 
about  the  hole  and  brown  staining  for  a  distance  of  about  3  centi- 
meters above  the  hole. 

One  showed  a  typical  soft  wet  rot  3  centimeters  long  and  a  brown 
stain  5  centimeters  above  the  hole. 

One  showed  splendid  brown  soft  rot  for  a  distance  of  12  centimeters 
in  middle  leaves.  Outer  leaves  were  well  water-soaked  and  rotted  for 
a  distance  of  2  centimeters  all  around  inoculation  hole,  even  on  the 
outside  sheaths. 

No  isolations  were  attempted  from  any  of  this  series  of  inoculations. 

BACILLUS  COLI,  THE  CAUSE  OF  BUD-ROT. 

Cultures  of  true  Bacillus  coli  have  produced  infections  in  the  heart 
tissue  of  the  coconut  crown  similar  to  those  infections  caused  by  the 
coconut  organisms.  Isolations  from  the  Bacillus  coli  inoculations 
and  from  the  coconut  organism  inoculations  have  shown  cultures 
identical  in  nearly  every  particular.  From  the  early  coconut  inocu- 
lations, isolations,  reinoculations,  and  reisolations  (described  on 
pp.  43-46)  the  cultures  which  were  obtained  have  appeared  identical 
in  most  cases.  When  difference  has  existed,  it  has  usually  been  a 
matter  of  degree  rather  than  of  kind. 
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The  proof  of  tlio  cause  of  the  bud-rot  will  depend  for  its  verity 
upon  the  similarity  of  the  various  cultures  isolated  from  diseased 
tissues  and  upon  the  constancy  of  the  reactions.  Dissimilarity  or 
variation  will  require  satisfactory  explanation,  or  it  will  count 
against  the  statement  to  be  proved.  For  the  i)roof,  so  far  as  inocu- 
lations are  concerned,  the  results  cited  seem  sufficient.  There  can 
be  no  question  tliat  good  infections  were  obtained.  If  now  the  simi- 
larity of  the  organism  injected  into  the  tissues  and  of  the  organism 
isolated  from  the  tissues  in  various  experiments  be  shown,  the  cause 
of  bud-rot,  and,  moreover,  Bacillus  coli  as  the  cause,  will  be  demon- 
strated. In  order  to  show  briefly  and  in  a  concise  form  the  similari- 
ties and  differences  among  these  organisms  as  ascertained  in  the 
cultural  work,  Table  XXXI  has  been  prepared. 

Table  XXXI. — Summary  of  characters^  of  the  coconut  organisms  ajid  of  Bacillus  coli. 


Detailed  features. 


Morphology  of  organism 

Morphology  of  colony  on  agar  plate,  agar  stab,  streak, 

gelatin  stab,  plate 

Facultative  anaerobism 

Gelatin  liquefaction  2 

Acid  in  dextrose 

Gas  in  dextrose 

Acid  in  lactose 

Gas  in  lactose 

Acid  in  saccharose , 

Gas  in  saccharose 

Reduction  of  nitrates 

Pigment  production 

Growth  on  starch  media 

Acid  in  glycerin 

Gas  in  glycerin 

Dolt's  litmus-lactose-glycerin  agar  s 

Neutral  red: 

With  peptone  water  +  dextrose  in  fermentation 
tubes 

With  dextrose  in  agar  ^ 

With  lactose  in  agar 

With  saccharose  in  agar 

With  glycerin  in  agar 

Without  sugar  in  agar 

MacConkey 's  bile-salt  agar  with  neutral  red:  ^ 

In  tubes 

In  plates  ■• 

Test  1  of  D.  Rivas 

Test  3  of  D.  Rivas 

Endo's  fuchsin  agar  '■' 

Stoddart's  plate  medium 

Hiss's  tube  medium 

Sterile  milk 

Litmus  milk 

Production  of— 

Indole 

Phenol ' 

H2S 

Ammonia 


Coconut  culture. 


-I- 


+ 

+ 

-1- 

+ 

± 

— 

+ 

+ 

± 

± 

+ 

+ 

+ 
+ 


± 
+ 

+ 


+ 

+ 
+ 
+ 

-H 

-I- 
-I- 
-f 
+ 


3. 


+ 

+ 
+ 

± 
+ 
+ 
+ 


+ 


+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 


+ 
+ 


+ 


+ 


+ 


+ 
± 
+ 
± 
+ 
± 
+ 

± 
-t- 

+ 


+ 
+ 


+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 


+ 


+ 


+ 
± 
+ 
± 
+ 
± 
+ 

± 
+ 

+ 


+ 

+ 


+ 

+ 
+ 
+ 
+ 


+ 
+ 


+ 
+ 


+ 

+ 
+ 


-I- 
-I- 
-t- 


± 
+ 
+ 


+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 


BaciDus 
coli. 


-1- 

4- 

-1- 

-1- 

-f 

+ 

+ 

-f- 

± 

± 

+ 

+ 

± 

+ 

+ 

+ 

± 

+ 

+ 

-t- 

± 

-1- 

-f 

-f- 

— 

-1- 

-h 

-f- 

+ 

-1- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-1- 

+ 

+ 

+ 

-1- 

+ 

-1- 

+ 

+ 

1  Explanation  of  arbitrary  signs  used  in  the  table:  +  indicates  that  the  reaction  is  positive,  or  merely 
that  the  characters  are  all  the  same;  —  indicates  that  the  reaction  is  negative;  ±  indicates  that  the  reaction 
sometimes  occurs  and  sometimes  does  not;  -H  indicates  that  the  reaction  is  a  variation  in  the  positive  reac- 
tion, which  is  the  same  in  all  cultures  so  marked;  ±1  indicates  that  there  is  a  variation  in  the  positive  reac- 
tions which  sometimes  occurs  and  sometimes  does  not. 

2  For  variations  in  No.  1,  see  p.  66. 
'  No.  1  tends  to  bleach. 

*  Nos.  2  and  5  and  Bacillus  coli  are  slightly  different  from  others. 

5  No.  3  and  Bacilhis  coli  are  slightly  different  from  others. 

6  Bacillus  coli  a  trifle  more  than  others. 
'  This  result  is  questioned. 
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Table  XXXI.— Summary  of  characters  of  the  coconut  organisms  and  of  Bacillus  colir— 

Continued. 


Detailed  features. 


Coconut  culture. 


Enzymes  in  milk  ' , 

Growth  in  nitrogen-free  media: 

With  ammonium  tartrate  ^ 

With  ammonium  citrate  ^ 

With  ammonium  lactate 

With  asparagin 

With  sodium  asparaginate 

Fischer's  mineral  solution: 

Alone  * 

With  dextrose 

WithKNOa* 

With  cane  sugar 

With  peptone 

With  peptone  +  dextrose 

With  peptone  +  glycerin 

With  glycerin 

With  cane  sugar  +  KNO3 

With  dextrose  +  KNO3 

Malachite  green  in  sugar 

Caflein  in  agar 

Capaldi  and  Proskauer: 

No.l 

No.  2 

Dunham's  solution: 

With  7  per  cent  NaCl 

With  f.  per  cent  NaCl 

Uschinsky 's  solution 

Cohn's  solution  6 

Potato  agar 

Carrot  agar 

Litmus-lactose  agar 

Oxalic-acid  agar  (0.2  per  cent  acid) 

Coconut  cylinders 

In  fermentation  tubes: 

Acid  from  galactose 

Gas  from  galactose ' 

Acid  from  levulose 

Gas  from  levulose  » |     -h 

Acid  from  mannit 

Gas  from  mannit 

Kashida's  medium 

Temperatures  (degrees  Centigrade): 

Optimum 

Maximum 

Minimum 

Thermal  death-point 


+ 


+ 
-H 

35 

47 

8.5 

57 


+ 
+ 


+ 

+ 
+ 
-H 
+ 
+ 
+ 


+ 
-f 

-I- 
-I- 
-I- 

+ 
+ 
-I- 


4- 

-I- 


+ 

35 

47 

8.5 

57 


-H 
-H 

■H 


+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 


-H 
-H 

+ 


+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

a 

35 

47 

8.5 

57 


-H 
-H 
-H 
-H 
±1 


+ 

+ 
+ 
+ 
+ 
+ 
+ 
4- 
+ 


-I- 
+ 

-H 

+ 
+ 
+ 


+ 
+ 


35 

47 

8.5 

57 


+ 
+ 

+ 
+ 
±1 


-H 
-H 
-H 
-H 
±1 


Bacillus 
coli. 


+ 

+ 

+ 

+ 

+ 

+ 

-t^ 

+ 

-ti 

+ 

+ 

+ 

-H 

+ 

-1- 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

± 

— 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-1- 

+ 

+ 

+ 

+ 

+ 

+ 

±1 

±1 

35 

35 

47 

47 

8.5 

8.5 

57 

57 

■» 

-t^ 

-H 

+ 
+ 


+ 

t 

T 

-I- 
+ 

-r 

-I- 
-I- 
+ 
+ 


+ 
+ 


+ 
+ 
+ 


35 

47 

8.5 

57 


1 II  present,  in  only  very  small  quantities. 

2  Nos.  3,  4,  and  6  and  Bacillus  coli  have  much  poorer  growth  than  others. 

3  Growth  in  these  tubes  varies  considerably  in  amount  and  color  of  precipitate. 
*  There  appears  to  be  a  very  slight  clouding. 

6  Very  slight  clouding,  if  any. 

»  V'ery  slight  growth,  if  any,"  in  all  but  5. 

'  No.  1  produced  69  mm.  of  gas;  others  ranged  from  32  to  43. 

'  No.  1  produced  51  mm.  of  gas;  others  averaged  14  to  20  mm. 


The  importance  of  the  variations  shown  in  the  foregoing  tables 
has  been  discussed  under  the  various  experiments.  It  will  suffice  to 
summarize  them  briefly  at  this  point. 

In  comparing  coconut  cultures  Nos.  4,  5,  and  6  (which  are  inocula- 
tion (6),  isolation  (5),  reinoculation,  and  reisolation  (4)  cultures  of 
the  same  origin)  with  Bacillus  coli  it  is  seen  that  tliey  are  all  identical 
until  it  comes  to  acid  and  gas  in  lactose.  In  that  medium  No.  5  and 
Bacillus  coli  have  always  behaved  alike;  Nos.  4  and  6  have  ahvays 
acted  similarly  to  each  other  and  frequently  in  tliis  medium  similarly 

228 


BACILLUS   COLI,   THE  CAUSE   OF   BUD-ROT.  139 

to  No.  5  and  Bacillus  coli.  This  variation  is  the  same  in  saccharose. 
The  growth  on  starch  media  sliows  that  all  the  coconut  cultures  find 
difficulty  in  obtaining  sufficient  nutriment  in  such  media;  but,  as 
before,  No.  5  is  more  nearly  like  Bacillus  coli.  In  glycerin  media 
No.  5  always  has  reacted  like  Bacillus  coli  and  Nos.  4  and  6  like  each 
other.  In  all  the  media,  following  down  to  the  nitrogen-free  media,  the 
reactions  of  Nos.  4, 5,  and  6,  and  of  Bacillus  coli  are  identical.  In  media 
with  ammonium  tartrate  these  cultures  are  sometimes  all  ahke,  but 
then  again  Nos.  4,  6,  and  Bacillus  coli  may  differ  from  5.  It  is  the 
same  with  ammonium  citrate  and  ammonium  lactate.  In  asparagin 
No.  5  is  Hke  Bacillus  coli,  while  Nos.  4  and  6  are  sometimes  similar 
,and  sometimes  slightly  different.  In  the  sodium  asparaginate, 
Nos.  4,  5,  and  6  arc  identical  and  Bacillus  coli  slightly  different.  In 
Fisher's  mineral  solution  with  peptone  and  dextrose,  with  peptone 
and  glycerin,  and  with,  cane  sugar  and  KNOg,  No.  5  is  sometimes 
sfightly  different  from  Nos.  4  and  6.  In  Dunham's  solution  con- 
taining large  amounts  of  NaCl  No.  4  shows  slightly  stronger  growth 
than  Nos.  5  and  6  and  Bacillus  coli.  In  all  the  other  reactions  down 
to  Kashida's  medium,  wliich  gives  variable  results,  the  reactions  of 
Nos.  4,  5,  and  6  and  of  Bacillus  coli  are  identical. 

These  experiments  have  carried  these  cultures  tlirough  all  the 
ordinary  tests  for  Bacillus  coli  and  many  special  ones.  The  few 
sHght  variations  that  have  occurred  are  in  no  case  either  sufficient 
or  constant  enough  to  warrant  considering  any  one  of  the  four  cul- 
tures distinct  from  the  others.  As  for  coconut  Nos.  1,  2,  and  3, 
they  show  almost  the  same  results  as  Nos,  4,  5,  and  6.  The  origin 
of  these  cultures  is  as  follows:  No.  6  was  isolated  from  a  naturally 
diseased  tree  in  Cuba  on  August  7,  1909;  transfers  from  tliis  culture 
were  inoculated  into  coconut  in  Cuba  on  August  12,  1909,  and  pro- 
duced a  typical  soft  rot;  from  tliis  artificially  diseased  tree  coconut  No. 
5  was  isolated  on  August  24,  transfers  from  No.  5  were  then  inoculated 
into  a  coconut  seedling  in  Wasliington  on  September  24,  1909,  and  a 
successful  infection  resulted,  from  wliich  coconut  No.  4  was  isolated. 
Coconut  Nos.  1,  2,  and  3  represent  an  isolation  in  Cuba,  an  inoculation, 
reisolation,  and  reinoculation  into  a  coconut  seedlinsr  in  Wasliingrton. 
and  reisolation.  Nos.  2,  3,  4,  5,  and  6  have  been  shown  to  be  similar  to 
each  other  and  to  Bacillus  coli.  No.  1  has  also  responded  to  all  the 
usual  tests  for  Bacillus  coli,  but  has  in  some  minor  ways  shown  slight 
differences.  These  are  probably  indications  of  acquired  or  lost  cliar- 
acteristics  and  not  indicative  of  a  distinct  species.  The  fact  that 
No.  2  was  isolated  from  an  infection  produced  by  No.  3  and  is  identical 
with  it,  together  \vith  the  fact  that  No.  1  was  isolated  from  an  infec- 
tion produced  by  No.  2  and  is  so  nearly  like  it  is  fair  evidence  of  the 
identity  of  these  organisms. 
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From  the  foregoing  remarks  on  the  origin  of  these  cultures  it  will  be 
seen  that  Koch's  rules  for  proof  of  an  organism  causing  a  disease  have 
been  followed  out.  The  many  additional  inoculations  tend  only  to 
corroborate  these  results. 

Thus,  having  shown,  as  above  stated,  that  these  six  cultures  are 
similar  to  each  other  and  to  Bacillus  coli,  the  following  conclusion 
seems  inevitable:  The  organism  (No.  6)  isolated  from  a  naturally 
diseased  tree  in  Cuba  on  August  7,  1909,  was  Bacillus  coli. 

There  have  been  some  slight  differences  as  already  noted  between 
Bacillus  coli  and  the  six  coconut  organisms.  They  consist  in  the 
variable  differences  found  in  the  nitrogen-free  media,  with  the  am- 
monium compounds,  in  strength  of  reaction  on  starch  media,  in 
constancy  of  reaction  in  lactose-peptone  solution,  and  in  amount  of 
indol  produced.  In  no  case  is  there  any  definite  or  constant  differ- 
ence other  than  in  strength  of  reaction.  Taking  the  reactions  as  a 
whole,  Bacillus  coli  has  at  times  appeared  to  differ  from  the  coconut 
organisms  to  the  sHght  extent  already  indicated,  differing  from  them 
more  than  they  have  differed  from  each  other  with  the  exception  of 
No.  1,  but  not  more  than  the  various  strains  of  Bacillus  coli  differ 
among  themselves.  This  condition  indicates  that  the  organisms 
isolated  from  the  coconut  tree  are  forms  of  Bacillus  coli,  or  at  least 
belong  in  the  colon  group,  and  can  not  be  distinguished  from  Bacillus 
coli  by  any  of  the  current  methods  of  bacterial  separation. 

Moreover,  and  tliis  appears  to  the  writer  to  be  a  decisive  point, 
typical  Bacillus  coli  has  been  shown  to  be  capable  of  jiroducing  typical 
bud-rot.  The  conclusion,  therefore,  seems  inevitable  that  the 
organism  or  organisms  of  the  colon  group,  commonly  called  Bacillus 
coli,  must  be  considered  as  the  cause  of  the  coconut  bud-rot. 

In  the  course  of  such  an  extended  study  on  a  disease  as  this  has 
been  there  naturally  occur  certain  results  some  of  which  tend  to 
weaken  the  case  and  others  to  strengthen  it.  The  many  successful 
inoculations  and  the  similarity  of  the  cultures  injected  and  isolated, 
together  with  the  similarity  of  many  other  cultures  isolated  from 
diseased  coconut  material  by  the  writer  and  earlier  by  Dr.  Smith 
(p.  142)  all  tend  to  strengthen  the  case.  On  the  other  hand,  success- 
ful inoculations  by  the  writer  mth  cultures  of  variable  appearance 
rather  tend  to  weaken  the  argument.  These  results  may  be  ex- 
plained by  the  supposition  tliat  other  organisms  than  Bacillus  coli 
also  produce  the  bud-rot,  or  that  what  passes  for  Bacillus  coli  includes 
a  group  of  closely  related  but  not  identical  organisms.  As  there  is 
no  conclusive  evidence  for  or  against  such  a  proposition,  this  question 
must  remain  open.  It  may  be  said,  however,  that  the  writer  does 
not  consider  this  a  probable  case.  The  only  alternative  in  explain- 
ing the  successful  infections  with  apparently  different  cultures  is  the 
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admission  that  possibly  mixed  cultures  were  used.  This  alternative 
is  one  that  no  bacteriologist  would  like  to  admit,  and  yet  to  be  perfectly 
honest  it  must  be  considered. 

It  will  be  noted  that  all  of  the  isolations  of  organisms  for  inocula- 
tion in  the  case  of  these  successful  infections  (those  Avith  organisms 
apparently  not  Bacillus  coli)  were  made  in  Cuba  at  a  relatively  high 
temperature  and  without  the  best  facilities  for  work.  Bacterial 
colonies  grew  luxurianth^  in  18  hours,  and  when  the  plates  had  some 
of  the  widespreading  colonies,  they  became  entu-ely  overgrown  in 
24  hours,  even  when  sown  in  the  thinnest  possible  manner.  One- 
half  or  more  of  a  plate  would  contain  these  radiate  and  rapidly 
spreading  colonies.  In  the  case  of  the  plates  which  in  24  hours 
showed  a})parently  only  round  colonies,  after  48  hours  some  of  them 
showed  a  tendency  to  branch.  While  it  does  not  seem  probable 
to  the  writer,  yet  it  would  seem  necessary  to  admit  the  possibility 
in  these  particular  cases  of  making  a  transfer  from  a  colony  which 
was  apparently  a- single  one,  but  which  in  reality  consisted  of  more 
than  one  species  of  organism.  The  different  forms  of  colonies 
produced  by  different  organisms  and  the  secretions  produced  by 
some  species  inimical  to  the  growth  of  others  appear  to  reduce  tliis 
possibility  to  a  minimum.  However,  in  the  case  of  numerous 
rapidly  growing  organisms,  all  of  which  are  white,  wet-shining 
growths  on  agar,  and  varying  in  their  form  of  colonies,  this  possibility 
can  not  be  entirely  ignored.  The  facts  of  the  case,  though,  do  not 
seem  at  all  to  warrant  the  supposition  that  the  successful  infectious 
with  organisms  apparently  different  from  Bacillus  coli  weaken  the 
claim  that  Bacillus  coli  itself  causes  the  bud-rot. 

It  has  been  shown  in  foregoing  pages  that  certain  organisms  were 
isolated  from  bud-rot  tissues,  were  inoculated  mto  healthy  trees,  and 
carried  through  a  series  of  isolations  and  reinoculations,  and  that 
certain  of  the  organisms  used  in  these  experiments  were  identical  with 
each  other  and  with  Bacillus  coli.  In  the  very  first  isolations  Bacillus 
coli  was  unthought  of,  those  colonies  being  taken  wliich  were  in  the 
majority  and  wliich  were  thought  to  be  the  cause  of  the  disease.  Only 
subsequent  work  revealed  to  the  writer  that  the  organism  was 
Bacillus  coli,  or  at  least  indistinguishable  from  it.  Later,  with 
inoculations  of  Bacillus  coli  isolated  from  animals,  a  disease  similar 
to  bud-rot  was  produced. 

Finally  it  was  decided  to  search  directly  in  the  diseased  tissues 
for  Bacillus  coli.  Material  was  secured  on  two  different  occasions. 
On  August  16,  1910,  material  from  two  trees  was  obtained  in  Baracoa, 
and  transfers  of  the  infected  material  were  made  under  clean  condi- 
tions to  tubes  of  Dolt's  synthetic  medium.  Then,  in  Washington, 
platings  were  made  and  the  routine  examination  for  Bacillus  coli 
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was  made  as  described  on  pages  127  to  136.  It  was  found  that  in 
the  majority  of  the  plates  and  subsequent  cultures  made  from  them 
true  Bacillus  coli  was  present  as  indicated  by  these  tests. 

Subsequently,  on  September  26,  1910,  more  diseased  material  was 
secured  near  Baracoa,  but  it  was  impossible  to  make  cultures  at  that 
time.  The  material  was  brought  to  Washington,  and  after  16  days 
from  the  time  the  material  was  collected  platings  were  made  and 
Bacillus  coli  isolated.  A  majority  of  the  colonies  on  the  plates  gave 
the  typical  reaction,  and  likewise  by  the  subsequent  transfer  to 
litmus  milk,  nitrate  bouillon,  neutral  red  in  fermentation  tubes, 
and  gelatin  the  presence  of  Bacillus  coli  was  indicated. 

COMPARISON  OF  BACILLUS  COLI  WITH  VARIOUS  ORGANISMS 
ISOLATED  FROM  THE  COCONUT. 

In  the  earl}^  work  of  the  writer  many  cultures  were  made  from  the 
diseased  coconut  palms,  as  has  been  stated  on  previous  pages. 
None  of  these  were  studied  sufficiently  in  a  cultural  way  to  identify 
them.  Dr.  Smith  also  obtained  numerous  bacterial  cultures  during 
his  work  in  Baracoa,  but  none  of  them  were  studied  sufficiently  to 
prove  them  the  cause  of  the  bud-rot  or  to  identify  them  in  any  way. 
Studies  were  made,  however,  with  many  of  these  cultures  in  such 
media  as  Htmus  milk,  nitrate  bouillon,  sugar  peptone,  or  sugar  broth. 
As  these  media  give  characteristic  reactions  for  Bacillus  coli,  the 
reaction  of  these  various  organisms  in  them  will  give  some  indication 
of  whether  they  are  similar  to  Bacillus  coli  or  are  decidedly  different. 
A  great  difference  in  the  cultures  would  make  it  difficult  to  explain 
so  many  isolations  totally  dissimilar.  On  the  other  hand  some 
similarity,  that  is  to  say  sunilarity  so  far  as  tested,  would  indicate 
that  probably  Bacillus  coli  had  been  isolated  in  early  cultures,  but 
was  not  identified  as  such.  If  some  of  Dr.  Smith's  cultures  can  be 
shown  to  be  similar  to  Bacillus  coli,  so  far  as  tested,  it  will  tend  to 
corroborate  this  paper,  which  shows  that  the  colon  organism  is  found 
in  the  advancing  margin  of  the  diseased  tissue  and  is  the  cause  of 
the  diseased  condition. 

The  following  are  brief  notes  on  some  of  the  early  cultures  made  by 
the  writer: 

Culture  Cuba  B  No.  2  of  January  2,  1908,  produced  gas  in  fermentation  tubes  with 
maltose. 

Culture  Cuba  B  No.  3  produced  gas  in  fermentation  tubes  containing  dextrose. 

Culture  Demerara  B  No.  5  of  January  2,  1908,  produced  gas  in  fermentation  tubes 
with  maltose. 

Culture  Demerara  B  No.  6  produced  gas  in  fermentation  tubes  with  dextrose. 

Culture  Cuba  Nos.  1,  2,  and  3  of  April  9,  1908,  reduced  the  litmus  entirely  with  the 
exception  of  a  slight  reddening  at  the  surface.    At  room  temperature  coagulation  took 
place  in  four  days. 
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Of  fermentation  tubes  of  April  16,  1908,  with  various  coconut  cultures,  16  out  of 
24  produced  gas  in  amounts  from  5  to  9  centimeters  in  seven  days. 

Six  bouillon  tubes  containing  cultures  from  Trinidad  on  July  23,  1907,  showed  some 
gas  formation. 

Two  bouillon  tubes  of  July  12,  1907,  from  Demerara  showed  some  gas  formation. 

Five  bouillon  tubes  of  July  13,  1907,  from  Demerara  showed  some  gas  formation. 

Three  tubes  of  July  29,  1907,  from  Demerara  in  litmus  milk  became  bleached  and 
coagulated . 

Four  tubes  on  August  7,  1907,  from  Demerara  in  litmus  milk  become  reddened 
and  coagulated. 

Two  litmus-milk  tubes  of  Cuba  became  bleached. 

One  litmus-milk  tube  of  Jamaica  became  partially  bleached  and  another  of  Jamaica 
became  bleached  and  coagulated. 

Of  the  cultures  of  1909  isolated  in  1908,  two  tubes  of  248  Cuba 
bleached  Htmus  milk  and  coagulated  it.  Of  all  the  coconut  cultures 
in  use  by  the  ^vriter  early  in  1909,  seven  different  ones  blued  htmus 
milk,  seven  turned  the  litmus  pink  but  did  not  coagulate  the  milk, 
and  23  both  turned  the  litmus  pink  and  coagulated  the  milk.  This 
change  from  blue  to  pink  in  some  cases  j)rogressed  even  to  bleaching. 
Some  cultures  from  each  of  the  trees  380,  78,  422,  248,  and  153, 
reddened  or  both  reddened  and  coagulated  the  litmus  milk  as  A\dth 
typical  Bacillus  coli. 

Many  cultures  were  isolated  in  the  fall  of  1909,  among  which  were 
the  two,  508  N  (coconut  No.  6)  and  505  N  (coconut  No.  3),  carried 
through  the  experiments  described  on  previous  pages. 

Of  this  lot  isolated  September  23,  1909,  which  was  designated 
series  N  (Table  IV,  p.  45),  many  show  the  Bacillus  coli  reactions. 

No.  502  failed  to  show  any  reduction  of  nitrates. 

No.  503,  two  tubes,  both  showed  good  reduction  of  nitrates. 

No.  504  failed  to  show  any  reduction  of  nitrates. 

No.  505,  two  tubes,  both  showed  reduction  of  nitrates. 

No.  506,  three  tubes,  all  showed  reduction  of  nitrates. 

Nos.  502  and  504  failed  to  show  the  reaction  in  nitrate  bouillon 
that  is  characteristic  of  Bacillus  coli.  Several  cultures,  however, 
were  taken  from  each  of  the  trees  and  designated  by  the  same  tree 
number,  but  with  some  different  tube  number,  and  possibly  represent- 
ing different  organisms.  For  this  reason  other  tubes  were  selected 
to  repeat  the  nitrate  test,  with  the  following  results: 

Nos.  502,  504,  505,  506,  and  508  showed  good  reduction  of  nitrates. 

Transfers  from  these  cultures  were  inoculated  into  trees,  produced 
a  disease,  and  have  been  studied  subsequently,  as  shown  in  the 
foregoing  pages.  Other  cultures  were  isolated  from  trees  and,  in 
some  cases,  inoculated,  but  have  not  been  further  studied.  The 
original  cultures,  however,  were  gro\\Ti  in  nitrate  bouillon  and  show 
the  following  results: 

Nos.  503,  507,  601,  602,  603,  and  604  show  good  reduction  of  nitrates. 
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Thus,  it  is  shown  that  some  tubes  of  all  these  original  cultures 
responded  to  tliis  test  as  does  the  colon  organism. 

Cultures  of  these  organisms  were  made  in  litmus  milk  and  showed 
the  following  results: 

Series  N:  Nos.  501  and  501a  tiirned  litmus  milk  blue.  Nos.  502,  504,  506,  and  508 
(six  tubes)  reddened  litmus  milk. 

Series  S:  This  series  was  isolated  from  inoculations  made  with  Series  N.  No.  502 
blued  litmus  milk.  Nos.  504,  505,  506,  and  508  reddened  litmus  milk.  A  large  number 
of  tubes  of  508  S  were  all  reddened  and  coagulated. 

Of  the  series  R,  the  isolations  from  inoculations  with  series  S, 
cultures  were  made  on  Htmus-lactose  agar  with  505  R  (coconut  Xo.  1) 
and  508  R  (coconut  No.  4).  Ten  tubes  of  505  R  all  show-ed  reddening 
of  the  agar  as  with  Bacillus  coli.  Fifteen  tubes  of  508  R  showed  a 
similar  reddening,  w^hile  the  remaining  18  tubes  did  not.  No  other 
of  the  early  coconut  cultures  were  tried  on  this  medium. 

In  fermentation  tubes  wdth  dextrose  and  peptone  many  of  the 
cultures  produced  gas. 

The  production  of  gaa  (in  millimeters)  by  cultures  of  series  N  at  room  temperature 
for  nine  days  was  as  foUows:  No.  502,  24;  No.  504,  25;  No.  505,  21;  No.  506,  30; 
No.  507,  none;  No.  508,  26;  No.  601,  81;  No.  602,  29;  No.  603,  28;  No.  603a,  31; 
No.  604,  26. 

The  production  of  gas  by  cultures  of  series  S  at  room  temperat^lre  for  nine  days 
was  as  follows:  No.  503,  21  mm.;  No.  504,  none;  No.  505,  24;  No.  506,  64;  No.  508, 
none;  No.  508a,  24. 

It  must  be  borne  in  mind  that  each  number  represents  several 
tubes  derived  from  as  many  colonies,  and  in  each  one  of  these  tests 
given  only  one  of  the  tubes  is  represented.  For  example,  in  the  pre- 
ceding paragraph  one  tube  of  504  failed  to  produce  gas,  while  503 
and  505,  etc.,  did  produce  gas.  Other  tubes  of  504  might  also  have 
done  so  if  they  had  been  tried. 

The  foregoing  paragraphs  show  that  the  writer  had  early  cultures 
isolated  from  diseased  coconut  trees  and  that  some  of  these  cultures 
resembled  Bacillus  coli  so  far  as  tested.  It  must  also  be  admitted 
that  there  were  many  cultures  w^hich  gave  positive  evidence  of  not 
being  Bacillus  coli.  It  will  now  be  of  interest  to  turn  to  Dr.  Smith's 
cultures  obtained  by  him  in  1904. 

Of  tliis  series  the  so-called  coconut  B  responds  to  many  of  the 
tests  for  Bacillus  coli.  In  every  medium  in  M'hich  it  was  tested  it 
gave  a  positive  reaction  for  that  organism.  The  results  for  coconut  B 
are  as  follows: 

Reduces  nitrates. 

Produces  indol  in  Dunham's  solution. 
Produces  no  nitrous  acid  in  Dunham's  solution. 

Produces  gas  in  glucose,  in  cane  sugar,  in  lactose,  in  maltose,  in  glycerin,  and  in 
mannit. 
Coagulates  litmus  milk. 
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Besides  coconut  B,  the  organisms  called  coconut  D  and  F  responded 
to  the  same  tests.  Moreover,  coconut  V,  AA,  BB,  and  CC,  were  the 
same,  excepting  that  there  are  no  records  for  glycerin  and  mannit. 
In  addition  to  these  tests,  the  various  organisms  were  grown  in  gelatin 
tubes,  and  all  of  the  above,  with  the  addition  of  15  others,  failed  to 
liquefy  the  gelatin.  All  of  these  cultures  were  grouTi  in  litmus 
milk,  and  these  same  strains  with  some  others  reddened  the  litmus 
and  coagulated  the  milk. 

All  of  the  cultures  were  grown  in  Dunham's  solution  and  tested 
for  indol  after  five  days.  All  of  the  strains  indicated  above  produced 
indoi,  B  best  of  all. 

The  similarity  of  these  organisms  in  the  media  used  mth  the 
coconut  organism  and  Bacillus  coli  is  very  suggestive  of  the  identity 
of  all. 

Of  further  interest  in  the  comparison  of  various  cultures  is  the 
fact  that  Mr.  James  B.  Rorer  has  sent  to  the  wi'iter  some  cultures  of 
organisms  isolated  by  him  from  diseased  coconut  palms  in  Trinidad. 
These  five  cultures  in  litmus  milk  and  in  nitrate  bouillon  are  all 
alike  and  give  the  same  reaction  as  the  coconut  organism,  isolated 
from  Cuba,  or  Bacillus  coli.  They  difi'er,  however,  in  gelatin.  This 
variation  seems  at  once  sufficient  to  consider  the  organism  a  different 
species,  but  whether  the  Trinidad  form  is  not  a  variety  of  the  Cuban 
organism  may  well  be  questioned.  It  has  been  noted  on  a  previous 
page  that  many  of  the  cultures  of  505  R  (e.  g.,  coconut  No.  1)  differed 
from  the  others  mainly  in  liquefying  gelatin,  while  Bacillus  coli 
does  not.  It  will  be  noted  that  the  failure  to  liquef}^  gelatin  is  the 
main*  difference  (at  least  so  far  as  the  arbitrary  relationship  shown  in 
the  chart  of  the  Society  of  American  Bacteriologists  goes)  between 
Bacillus  coli  and  the  soft-rot  organism,  as  sho^\^l  in  the  work  of 
Jones,  Harding,  and  Morse. ^  Other  differences  depend  largely  upon 
the  ability  of  the  varieties  of  soft-rot  organisms  to  form  acid  and  gas 
in  media  containing  carbohydrates.  But  this  is  a  variation  found 
also  in  so-called  varieties  of  Bacillus  coli.  The  organism  isolated 
by  Mr.  Rorer  appears  then  to  belong  rather  to  the  well-known  soft- 
rot  types.  May  it  not  well  be  that  as  there  is  a  variation  in  pro- 
duction of  acid  and  gas  in  media  containing  dextrose,  lactose, 
saccharose,  glycerin,  and  other  carbon  compounds,  both  in  the  case 
of  varieties  of  the  soft  rot  and  in  varieties  of  Bacillus  coli,  there  mav 
also  be  a  variation  in  the  production  of  a  proteolytic  enzyme  as  dem- 
onstrated in  the  liquefaction  or  nonliquefaction  of  gelatin  ?  It  has 
not  yet  been  shown  how  this  can  be  other  than  an  arbitrary  separa- 
tion of  the  two  groups.     Bacillus  coli,  so  far  as  known,  is  not  able 

1  Jonos,  L.  R.,  Harding,  II.  A.,  and  Morse,  W.  J.    The  Bacterial  Soft  Rots  of  Certain  Vegetables, 
Technical  Bulletin  11,  N.  Y.  Agricultural  Experiment  Station,  November,  1909,  p.  264. 
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to  produce  soft  rot  in  the  ordinary  vegetables  which  are  affected  by 
various  kinds  of  the  so-called  soft-rot  organisms.  It  seems  to  the 
writer,  however,  that  it  has  been  clearly  shown  that  the  colon  organism 
can  produce  a  soft  rot  in  a  certain  vegetable  tissue,  namely  the  coco- 
nut bud  tissue.  Not  even  the  recognized  soft-rot  organisms  can 
produce  this  sort  of  decay  in  all  of  the  ordinary  vegetables;  so  the 
mere  fact  that  the  colon  organism  and  the  so-called  soft-rot  organism 
do  not  affect  the  same  tissues  is  not  sufficient  argimient  for  placing 
them  in  widely  separated  groups.  The  writer  does  not  contend  that 
all  these  organisms  are  by  any  means  the  same,  but  that  there  is  at 
least  a  very  close  relationship  between  all  of  them.  It  is  probable 
that  the  whole  group  of  these  organisms  represents  a  class  extremely 
variable,  and  able  in  some  of  its  many  forms  to  adapt  itself  to  a  great 
variety  of  conditions.  In  this  question,  of  course,  hybridization  plays 
no  part.  It  is  purely  a  matter  of  vegetative  changes.  Surely  there  has 
been  enough  shown  in  variation  of  vegetative  parts  of  flowering  plants 
to  warrant  the  conclusion  that  the  vegetable  units  resulting  from  the 
bacterial  division  may  differ  sometimes  in  their  biochemical  reactions 
from  the  original  units.  From  cultural  studies  it  would  seem  as 
though  the  life  processes  of  the  bacteria  were  even  more  delicately 
balanced,  and  that  this  balance  is  more  easily  overthrown  than  in  the 
higher  plants. 

BUD-ROT  ATTRIBUTED  TO  CAUSES  OTHER  THAN  BACILLUS  COLI. 

With  a  knowledge  of  the  cause  of  bud-rot  and  with  a  thorough 
understanding  of  the  effects  of  the  bacterial  organism,  the  source  of 
all  the  trouble,  one  may  compare  more  intelligently  the  various  dis- 
eases of  the  coconut  palm  as  reported  by  different  workers.  That 
disease  of  the  tree  which  is  characterized  by  a  rot  of  the  heart  of  the 
crown  has  been  attributed  to  numerous  causes.  The  most  important 
of  these  wliich  have  been  seriously  proposed  by  practical  coconut 
growers  and  by  scientific  investigators  are  worthy  of  some  considera- 
tion. Of  late  the  general  trend  of  oi)inion  has  been  to  admit  the  pos- 
sibiHty  of  bacteria  producing  the  rot,  but  to  claim  that  some  other 
cause  was  responsible  for  the  presence  of  the  bacteria.  Such  reasons 
as  soil  with  too  much  lime,  with  too  much  clay,  wdth  too  little  salt; 
soil  too  dry,  too  wet;  insects;  and  fungi;  all  of  these  and  other  minor 
reasons  for  the  presence  of  tliis  disease  have  been  given. 

The  preceding  pages  have  shown  distinctly  that  the  bud-rot  may 
be  actually  induced  by  means  of  a  wound  inoculation  into  an  appar- 
ently healthy  coconut  tree;  in  other  words  that  the  bacterial  organ- 
ism already  described  is  an  active  parasite.  It  is  only  reasonable  to 
assume  that  some  condition  unfavorable  to  the  proper  growth  of 
the  tree  will  do  much  to  facilitate  the  work  of  the  bacterial  parasite. 
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For  this  reason  many  of  the  theories  as  to  the  cause  of  the  disease 
may  have  a  grain  of  truth  in  them  in  that  the  causes  assigned  may 
be  auxiliary,  though  not  primary,  factors  in  producing  the  diseased 
condition.  Such  being  the  case,  it  is  desirable  to  discuss  briefly 
these  factors  and  the  probable  rehitive  amount  of  their  influence. 

In  soils  containing  too  much  lime,  lack  of  good  drainage  is  proba- 
bly the  imraecUate  cause  of  the  trouble.  Trees  growing  in  such  soils 
are  rather  slender,  and  have  yellowish  leaves,  and  either  fail  to  bear 
fruit  or  produce  an  imperfect  fruit.  In  addition  to  poor  drainage 
an  excess  of  lime  in  an  insoluble  form  may  have  some  direct  effect 
upon  the  roots  which  will  produce  in  the  crown  an  appearance  sim- 
ilar to  drought. 

Soils  consisting  too  largely  of  clay  are  heavy,  cold,  and  damp. 
Under  such  conditions  stagnation  follows,  the  roots  are  not  able  to 
absorb  water  with  sufficient  facility,  and  injury  results. 

The  question  of  the  amount  of  salt  (NaCl)  desirable  in  the  soil  has 
been  much  debated.  It  is  claimed  by  some  investigators  that  a  very 
small  proportion  is  necessary,  no  more  than  may  be  found  in  an 
average  soil  whether  near  the  sea  or  remote  from  it.  Others  main- 
tain that  placing  about  the  roots  of  the  tree  a  small  quantity  of  salt 
and  mixing  it  with  the  soil  benefits  the  tree  greatly.  Wliether  a 
reduced  cjuantity  of  salt  would  so  aft'ect  the  tree  as  to  render  it  easy 
to  succumb  to  the  bud-rot  is  not  easy  to  determine.  There  has  been 
no  work  done  as  yet  to  ascertain  tliis. 

In  the  case  of  soils  either  constantly  or  temporarily  too  dry  there 
is  certainly  a  weakening  of  the  vitahty  of  the  tree.  It  is  difficult  to 
distinguish  this  condition  from  the  one  in  which  there  is  an  excess 
of  water.  It  would  seem  probable  that  the  latter  condition  would 
be  the  most  suitable  for  bacterial  growth.  Comparison  of  the  spread 
of  the  bud-rot  in  rainy  weather  with  that  in  dry  weather  incHnes  the 
writer  to  say  that  the  rainy  weather  is  more  favorable,  although  the 
difference  is  not  very  strildng.  The  eft'ect  may  depend  not  so  much 
upon  a  large  amount  of  moisture  as  on  an  upsetting  of  the  balance 
of  chemical  constituents  of  the  tissues  by  any  such  untoward  con- 
ditions as  drought  or  excess  of  moisture. 

In  the  matter  of  insects  occasioning  the  trouble  in  the  coconut 
trees  Dr.  Carlos  de  la  Torre  (p.  22)  has  maintained  that  the  scale 
insects  covering  the  stomata  of  the  leaves  tend  to  suffocate  the 
plants,  i.  e.,  prevent  transpiration,  and  in  that  way  render  the  tree 
susceptible  to  the  disease.  It  can  scarcely  be  denied  that  a  hin- 
drance to  the  proper  amount  of  transpiration  would  seriously  affect 
the  health  of  the  trees  and  possibly  in  that  way  furnish  an  oppor- 
tunity for  the  work  of  the  bacteria.  From  the  examination  of 
numerous  trees  affected  with  bud-rot,  where  the  scale  insects  were 
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either  absent  or  present  in  such  small  numbers  as  to  have  no  serious 
effect  on  the  transpiration,  it  is  very  clear  that  these  insects  can  not 
be  considered  as  a  primary  cause  of  the  bud-rot.  Reports  *  have  been 
made  on  the  serious  injury  and  even  death  of  coconut  trees  in  Taliiti 
and  other  South  Sea  islands  by  these  scale  insects.  It  is  much  to  be 
regretted  that  the  investigator  has  failed  to  give  a  sufficient  descrip- 
tion of  the  tissues  of  the  diseased  tree  to  enable  a  comparison  to  be 
made  with  trees  affected  by  bud-rot. 

The  claim  that  insects  such  as  the  palm  weevil,  the  rliinoceros 
beetle,  and  others  are  the  cause  of  the  bud-rot  is  frequently  made 
by  coconut  planters.  The  effect  of  such  insects  is  purely  local,  and 
even  if  they  are  present  in  great  numbers  they  can  have  no  direct 
influence  in  bringing  about  a  rotted  condition  of  the  bud.  They 
may,  however,  possibly  play  an  important  part  in  carrying  the  bac- 
teria from  diseased  tissues  to  healthy  ones,  the  organism  gaining 
entrance  through  the  wound  caused  by  the  boring  or  feeding  of  the 
insect. 

Not  many  scientific  investigators  have  definitely  ascribed  the  rot 
of  the  heart  tissue  of  the  coconut  to  any  particular  cause.  For  the 
most  part  they  have  stated  what  they  have  seen  in  the  tissues  and 
suggested  what  might  be  the  cause.  In  several  cases,  however,  the 
diseased  condition  of  the  coconut  tree  has  been  distinctly  said  to  be 
due  to  fungi.  The  most  strildng  are  two  late  publications,  those  of 
Mr.  Stockdale  and  of  Dr.  Fredholm,  one  of  wliicli  has  been  published 
widely,  in  regard  to  diseases  in  Trinidad.  The  work  of  both  of  these 
investigators  has  already  been  discussed  in  detail  in  another  pubUca- 
tion,2  but  it  seems  desirable  to  repeat  it  in  this  connection. 

Mr.  Stockdale' s  investigations  showed  to  him  two  distinct  types 
of  coconut  disease  in  Trinidad.  In  one,  which  he  called  the  "root 
disease,"  the  trunk  showed  a  red  discoloration  toward  the  outside 
for  a  considerable  part  of  its  length,  and  the  decayed  roots  and  the 
petioles  were  inl'ested  with  a  fungus.  Eventually,  when  the  vitality 
of  the  tree  had  been  reduced,  the  terminal  bud  became  involved  in 
a  soft  rot,  and  the  putrid  mass  then  fell  over  and  the  tree  died.  Mr. 
Stockdale  found,  also,  what  he  supposed  was  bud-rot.  In  tliis  dis- 
ease the  roots  appeared  to  be  healthy,  the  stem  showed  no  sign  of 
the  discoloration,  but  the  bud  was  involved  in  a  vile  sort  of  bac- 
terial rot,  and  eventually  fell  over.  In  the  advancing  margin  of  the 
rot  usually  were  only  bacteria,  but  in  a  few  cases  there  was  some 
fungous    mycelium.     This    investigator    concluded     that    the    root 

iDoane,  R.  W.  Notes  on  Aspidiotus  Destructor  Sig.  and  Its  Chalcid  Parasite  in  Tahiti.  Journal  of 
Economic  Entomology,  vol.  1, 1908,  pp.  341-342.  Also  Notes  on  Insects  Afifecting  the  Coconut  Trees  in 
the  Society  Islands.    Journal  of  Economic  Entomology,  vol.  2,  1909,  pp.  220-223. 

2  Johnston,  J.  R.    The  Serious  Coconut  Palm  Diseases  in  Trinidad.    Bulletin  64,  Trinidad  Departmenf 
of  Agriculture,  1910,  pp.  25-29. 
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disease  is  tluo  to  fun<j;i  ami  the  bud-rot  to  bacteria,  claiming  in  tlic 
case  of  the  root  disease  that  the  rotted  crown  was  secondary  to  tlie  dis- 
eased root,  but  admitted  the  possibility  in  tlie  case  of  tlie  bud-rot 
that  bacteria  were  the  primary  cause  of  the  trouble.  No  experiments 
were  made  to  prove  either  the  fungous  or  bacterial  nature  of  either 
disease.  In  view  of  the  investigations  of  the  writer,  it  must  be 
admitted  that  there  have  been  in  Trinidad  some  diseases  answering 
to  Stockdale's  description  of  root  disease.  As  noted  on  page  33, 
there  were  a  few  cases  at  Guapo  which  seemed  to  correspond  to  this 
malady.  On  the  other  hand,  the  trouble  in  Ijaventille  and  Point 
d'Or  (pp.  31-33),  so  far  as  the  writer  could  ascertain,  was  entirely  due 
to  bud-rot.  That  fungous  infection  might  easily  take  place  in  the 
root  when  the  crown  is  affected  is  admitted,  but  it  must  be  denied 
that  the  cases  of  rot  in  the  crown  in  these  two  districts  were  cases  in 
wliich  the  rot  was  secondary  and  the  root  disease  ])rimary.  Actual 
investigation  of  the  tissues  of  several  trees  typically  diseased  revealed 
a  bacterial  rot  in  the  crown  and  no  signs  of  the  root  disease.  Wliat 
was  true  for  those  trees  examined  may  well  be  assumed  to  be  true 
for  all  the  other  trees  showing  exactly  similar  symptoms. 

Mr.  Stockdale  states  ^  that  in  a  tree  affected  wnth  root  disease 
"it  is  only  a  question  of  time  before  the  terminal  bud  falls  over  and 
becomes  a  putrid  mass,  and  the  palm  eventually  dies."  However, 
he  qualifies  this  statement  in  a  footnote,^  as  follows: 

When  a  cocoaniit  palm  is  affected  by  any  disease  or  pest,  the  terminal  bud,  in  the 
advanced  stages,  becomes  involved  in  a  rot.  This  must  not  be  confused  with 
"bud-rot." 

These  remarks  would  indicate  that  their  author  was  not  very  clear 
on  his  subject.  In  the  first  place,  the  statement  that  'Svhen  a 
cocoanut  palm  is  alTected  by  any  disease  or  pest,  the  terminal  bud,  in 
the  advanced  stage,  becomes  involved  in  a  rot"  is  a  most  sweeping 
one  to  make  and  is  not  confirmed  by  any  explanatory  notes  or 
experiments.  Moreover,  the  statement  is  misleading,  causing  one 
to  think  that  the  ultimate  rot  is  due  to  the  disease  or  pest,  whereas 
it  can  only  mean  that  when  the  tree  is  so  alTected  or  diseased 
that  it  dies,  then  the  crown  rots,  quite  as  is  the  case  mth  any 
dead  vegetable  tissues  when  suiTicient  moisture  is  present,  and  this  is 
a  truism.  Furthermore,  this  note,  taken  in  connection  ^viih.  the 
preceding  statement  in  describing  the  root  disease,  to  the  effect  that 
"it  is  only  a  question  of  time  before  the  terminal  bud  falls  over  and 
becomes  a  putrid  mass,"  is  still  more  misleading. 

That  diseased  coconut  trees  will  rot  when  they  die  anyone  Avill 
admit,  but  that  the  terminal  bud  falls  over  and  becomes  a  putrid 

1  stockdale,  F.  A.    Coconut  Palm  Disease.    Trinidad  Royal  Gazette,  Feb.  14, 1907,  p.  3.50. 
228 


150  HISTORY   AND   CAUSE    OF   THE   COCONUT   BUD-EOT. 

mass  as  the  result  of  any  disease  is  untrue.  The  terminal  bud  will 
become  a  soft  putrid  mass  only  in  the  case  of  bud-rot.  The  writer 
of  this  discussion  has  studied  closely,  by  actually  ascending  the 
trees  and  by  pushing  apart  the  central  leaves,  the  condition  of  the 
bud  tissues  in  many  trees  and  has  followed  out  the  changes  in  indi- 
vidual trees  during  a  period  of  two  years.  Some  trees  were  naturally 
diseased  vnih  bud-rot,  some  by  insects,  and  some  were  artifically 
inoculated  by  making  holes  45  centimeters  long  into  the  heart 
tissues  and  then  injecting  the  organisms.  It  is  possible  for  the 
wiiter  to  state  definitely  that  miscellaneous  diseases  or  injuries  to 
the  tree  mil  not  cause  a  soft,  putrid  condition  of  the  bud.  It  is 
moreover  possible  to  state  that,  so  far  as  the  writer's  experiments 
hav^e  gone,  only  a  specific  kind  of  bacteria  will  produce  this  soft  rot. 
That  Mr.  Stockdale  found  such  a  condition  as  he  describes  in  the 
trees  he  examined  is  not  questioned.  The  correctness  of  his  con- 
clusion as  to  the  cause  of  the  condition  is,  however,  much  in  question. 
Soft  rots  may  occur  in  the  crowns  of  trees  affected  with  various 
maladies,  but  it  is  probable  from  the  wTiter's  experiments  that  the 
apparent  cause  of  the  diseased  condition  of  the  tree  has  been  only 
an  accompaniment  of  the  real  cause.  It  is  the  writer's  behef  that 
in  those  cases  of  root-rot  which  had  rotting  crovms  the  trouble  in 
the  crown  was  distinct  from  that  in  the  roots  and  not  to  be  considered 
a  part  of  it,  i.  e.,  the  root  disease  (whatever  its  cause)  and  the  bud- 
rot  were  two  independent  diseases  in  the  same  tree. 

Dr.  Fredholm  has  also  made  investigations  of  the  coconut-palm 
diseases  of  Trinidad  (p.  26).  He  described  a  serious  disease  in 
which  the  trunk  was  normal  and  the  roots  usually  so,  wdiile  the 
terminal  bud  became  disintegrated  into  a  sour-smelhng,  whitish, 
semifluid  mass,  which  when  examined  under  the  miscroscope  was 
seen  to  be  swarming  with  bacteria.  The  adjacent  tissues  out  to  the 
petiole  bases  were  traversed  by  fungous  mycelium  which  Dr.  Fred- 
holm  believed  to  be  the  forerunner  of  the  bacterial  rot.  He  states 
that  he  considers  Stockdale's  root  disease  and  the  foregoing  disease 
distinct,  chiefly  for  the  reason  that  he  has  never  found  the  decay  of 
the  roots  and  the  discolored  stem  present  in  the  affected  trees  which 
he  examined.  To  substantiate  the  claim  of  the  fungous  nature  of 
the  disease,  Dr.  Fredholm  made  fungous  inoculations  which  resulted 
in  small,  diseased  spots  on  the  leaves  (p.  26).  These  inoculations 
however,  were  by  no  means  sufficient  to  prove  the  fungous  nature 
of  the  disease.  In  order  so  to  afi'ect  the  tree  as  to  produce  a  bacterial 
soft  rot  in  the  bud  it  would  actually  be  necessary  to  destro}-  the 
greater  part  of  the  leaves.  Dr.  Fredholm  admits  that  the  soft  rot 
is  caused  by  bacteria,  and  his  claim  is  that  the  fungus  produces 
conditions  in  the  tree  suitable  for  bacterial  infection.     He  has  ad- 
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mittecl,  however,  in  other  paragraphs  that  evidently  the  bacterial 
infection  can  take  place  independently  of  the  fungi,  for  ho  has  found 
what  appeared  to  be  that  condition.  Since  he  admits  the  possi- 
bility of  bacterial  infection  without  fungi,  it  is  diilicult  to  understand 
why  he  considers  fungi  when  they  do  ha])pen  to  be  present  as  the 
forerunners  of  the  bacteria.  It  would  appear  as  though  Dr.  Fred- 
holm  had  called  the  accompaniment  of  the  disease  (fungi  in  this  case) 
the  cause  of  the  disease,  assigning  the  real  cause  of  the  trouble, 
bacteria,  to  a  secondary  position.  The  fact  that  bacteria  both  alone 
and  with  fungi  can  cause  the  trouble,  while  fungi  only  in  connection 
with  bacteria  can  produce  a  similar  effect,  seems  to  the  writer  to 
demonstrate  the  primary  importance  of  bacteria.  That  other  organ- 
isms may  subsequently  infect  trees  diseased  with  bacteria  is  of  com- 
paratively little  importance,  while  it  is  of  the  utmost  importance 
to  determine  the  sole  and  primary  cause  of  the  soft,  putrid  condition 
in  the  crown. 

The  factors  rendering  trees  specially  susceptible  to  this  bacterial 
rot  can  not  be  described  now.  Only  enough  has  been  ascertained 
to  indicate  that  the  bacterial  disease  is  induced  by  certain  condi- 
tions; whether  they  be  insect  injuries  or  unhealth}"  conditions  of  the 
tree  has  not  yet  been  determined. 

From  the  nature  of  the  disease  itself,  in  that  it  is  a  soft  rot,  strong 
arguments  may  also  be  advanced  against  the  probability  of  its  being 
due  to  unsuitable  soil,  chmate,  insects,  or  fungi.  In  no  case,  so  far 
as  the  writer  knows,  has  a  soft  rot  of  tissues  been  demonstrated  to 
be  due  to  any  condition  whatever  other  than  to  a  few  fungi  and  to 
bacteria.  In  the  case  of  fungi  it  seems  to  the  writer  that  the  only 
claims  to  their  being  the  cause  of  tliis  rot  in  question  have  been  suffi- 
ciently disproved. 

Others  have  maintained  that  certain  bacteria  are  the  cause.  Only 
two  of  these  investigators  have  indicated  at  all  the  organism  thought 
to  produce  the  rot.  Dr.  Davalos  (p.  39)  isolated  in  1886  what  he 
claimed  to  be  Bacillus  amylobacter ,  which  he  believed  to  be  the  cause 
of  the  soft  rot.  He,  however,  has  published  no  series  of  experiments 
to  prove  this  belief.  Dr.  Plaxton  (p.  39)  showed  to  the  Institute  of 
Jamaica  in  1891,  under  the  microscope,  slides  of  a  micrococcus.  He 
believed  this  micrococcus  to  be  the  cause  of  the  rot  of  the  crown, 
without,  however,  publishing  any  experiments  to  demonstrate  the 
truth  of  his  idea. 

It  seems  to  the  writer  that  the  symptoms  of  bud-rot  are  sufficiently 
characteristic  to  distinguish  it  at  once  from  any  other  known  malady 
of  the  coconut  palm.  If  such  indications  as  a  falling  of  the  immature 
nuts,  a  blackening  of  the  flower  spikes,  a  wilting  of  the  central  un- 
folded leaves,  and  a  soft,  putrid  condition  in  the  heart  are  mentioned 
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by  a  coconut  planter  or  by  an  investigator,  and  the  cause  of  such 

symptoms  is   asked,  it  seems  reasonably  safe  to  state  that  they 

represent  a  case  of  bud-rot  and  are  caused  by  bacterial  action.     Such 

has  been  the  basis  in  discussing  on  other  pages  of  this  paper  many 

American   reports   of   coconut-palm   diseases   that   have   not   been 

personally  investigated  by  the  writer.     Reports  of  the  disease  in 

the  Eastern  Hemisphere  are  discussed  on  the  same  basis.     If  there 

is  a  fair  reasonableness  in  doing  this  with  the  coconut  palm  it  does 

not  seem  at  all  beyond  reason  strongly  to  suspect  similar  symptoms 

of  disease  in  other  palms  to  be  due  to  a  similar  cause.     Such  is  the 

point  of  view  in  discussing  the  occurrence  of  the  disease  on  other 

palms. 

OCCURRENCE  OF  THE  DISEASE  ON  OTHER  PALMS. 

It  is  not  loiown  positively  at  present  wli ether  or  not  this  bud-rot 
occurs  on  other  palms  than  the  coconut.  Information  on  the  sub- 
ject is  extremely  desirable.  In  Cuba  a  disease  of  the  royal  palm  has 
been  noted  for  some  time.  Mr.  Horne,^  in  1 908,  wrote  in  regard  to 
it  as  follows: 

The  royal  palms  on  the  high  limestone  ridge  back  of  Baracoa  were  in  bad  condition 
and  some  of  them  were  dying.  A  similar  condition  was  observed  at  Banes  and  at  vari- 
ous places,  in  some  of  which  no  bud-rot  was  known  to  exist.  *  *  *  If  royal  palms 
are  attacked  it  is  so  rarely  that  probably  there  is  no  practical  importance  to  be  attached 
to  the  matter. 

The  writer  has  noted  dead  and  dying  royal  palms  near  Baracoa 
during  the  past  three  years.  There  were  not,  however,  more  than 
15  or  20,  nor  did  the  diseased  trees  have  just  the  appearance  of  coco- 
nut trees  affected  with  the  bud-rot.  In  the  royal  palm  the  central 
leaves  remained  healthy  longest,  while  the  surrounding  leaves  gradu- 
ally turned  browm  and  fell  off. 

In  the  summer  and  fall  of  1910  the  writer  had  an  opportunity  to 
watch  this  disease  more  closely.  On  August  15  the  central  leaves  and 
three  adjacent  ones  of  a  certain  tiee  were  left  standing,  while  the  re- 
maining leaves  were  either  hanging  or  had  dropped  to  the  ground. 
Natives  stated  at  that  time  that  the  trouble  with  the  tree  was  due  to 
hghtning.  On  September  29  there  was  only  one  upright  leaf.  On 
the  following  morning  the  entire  leaf  had  blown  off,  thus  furnishing  a 
good  opportunity  to  examine  its  condition.  The  column,  about  2.5 
meters  long,  composed  of  the  leafstalk  sheaths,  was  intact,  but  most 
of  the  leaves  had  cither  bent  over  or  had  been  broken  off  just  above 
the  sheaths.  From  this  point  dowoi  the  entire  column  to  the  base, 
which  represented  the  growing  point,  there  were  great  areas  of  brown, 
water-soaked,  and  rotted  tissue.     These  areas  were  more  or  less  con- 

»  Home,  W.  T.    The  Bud  Rot  and  Some  Other  Coconut  Troubles  in  Cuba.    Bulletin  15,  Estaci<3n 
Central  Agron6mica  de  Cuba,  July,  1908. 
228 


OCCURRENCE   OF   THE   DISEASE   ON    OTHER   PALMS.  153 

tiniioiis  on  one  side  from  top  to  })ottom,  and  their  extent  at  the  base 
was  undoubtedly  the  cause  of  the  column  blowing  over  and  falling 
away  from  the  tree  trunk.  The  rotted  areas  seemed  also  to  extend 
from  one  sheath  inward  to  the  next,  gradually  lessening  in  extent  as 
the  middle  was  approached.  The  central  tissues  themselves  were  not 
in  the  least  discolored  or  rotted.  In  general,  the  rotted  areas  closely 
resembled  bud-rot  tissues  of  the  coconut,  and  the  same  kind  of  insects 
that  are  found  in  diseased  coconut  trees,  e.  g.,  earwigs,  were  a})undant. 
The  odor  from  the  rotting  tissues,  while  bad,  was  not  exactly  tliat  of 
bud-rot.  The  whole  aspect  of  these  waiting  sheaths  was  that  of  fleshy 
tissue  that  had  been  completely  cut  off  from  the  source  of  life  and  was 
undergoing  a  normal  course  of  decay.  In  the  coconut  palm  affected 
with  bud-rot  the  undiseased  tissues  are  white  and  the  cells  are  turgid. 
In  the  royal  palm  the  unaffected  unrotted  tissues  were  white,  but  the 
cells  were  rather  flaccid.  Because  of  the  resemblance  between  this 
disease  of  the  royal  palm  and  the  bud-rot  some  of  the  tissues  were 
brought  to  Washington  and  attempts  were  made  to  plate  out  Bacillus 
coll.  All  but  one  of  the  23  plates  made  show^ed  some  signs  of  this 
organism;  the  average  was  about  15  out  of  100  colonies,  in  some  plates 
tlie  proportion  of  Bacillus  coli  being  higher  and  in  others  lower.  The 
other  organisms  were  of  a  very  great  variety.  That  Bacillus  coli  was 
present  was  demonstrated  by  transferring  the  suspected  colonies, 
which  had  reddened  Dolt's  medium,  (1)  to  litmus  milk,  (2)  to  nitrate 
bouillon,  (3)  to  fermentation  tubes  containing  dextrose,  peptone,  and 
neutral  red,  and  (4)  to  gelatin.  The  various  cultures  responded  to 
the  tests  as  follows: 

In  litmus  milk  22  out  of  31  gave  typical  reactions. 

In  nitrate  bouillon  31  out  of  31  gave  typical  reactions. 

In  neutral  red  fermentation  tubes  26  out  of  31  gave  typical  reactions. 

In  gelatin  31  out  of  31  gave  typical  reactions. 

Thus,  over  two-thirds  of  the  tubes  gave  the  customary  reactions  for 
Bacillus  coli.  There  can  be  very  little  question  of  contamination, 
for  the  utmost  care  was  taken  to  wash  and  soak  large  pieces  of  the  dis- 
eased material  in  mercuric  chlorid,  and  then  by  means  of  sterile 
knives  portions  from  the  interior  of  the  pieces  were  removed  to  the 
test  tubes  for  plating  out.  There  can  be  very  little  question  that 
Bacillus  coli  was  in  the  diseased  tissue.  It  may  well  be  questioned, 
however,  whether  this  organism  was  the  cause  of  the  disease.  Cer- 
tainl}^  the  mere  fact  of  finding  a  small  quantity  of  these  germs  in  the 
well-rotted  tissues  is  no  proof.  Thus,  the  evidence  in  regard  to  this 
royal-palm  trouble  being  bud-rot  is  of  doubtful  value.  It  should  be 
noted  in  passing  that  along  the  coast  near  Maravi,  7  miles  west  of  Bara- 
coa,  scattered  at  intervals,  about  50  dead  or  dying  royal  palms  may 
be  seen  among  many  hundreds  of  health}^  ones.     It  should  further  be 
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noted,  should  this  disease  idtimateh'  be  showTi  to  be  the  same  as  bud- 
rot,  that  some  of  the  3'ounger  royal  palms  are  also  affected,  and  that 
examination  showed  on  the  inside  of  the  leaf  sheath  honeycombings 
of  the  tissues  caused  apparently  by  a  small  brown  weeyil.  Surround- 
ing these  injuries  to  the  leaves  are  brown,  water-soaked  areas  similar 
to  those  in  the  royal-palm  tissues  already  described.  Wliether  these 
rotted  areas  may  be  due  either  directly  or  indirectly  to  the  insect 
injuries  has  not  been  demonstrated. 

A  serious  disease  of  the  betel-nut  palm  and  of  the  palmyra 
palm  has  been  reported  as  prevalent  in  India.  The  description  of 
the  disease  of  the  betel-nut  palm  as  given  by  Mr.  E.  J.  Butler  is  as 
follows : 

The  first  s>Tiiptoms  of  the  disease  appear  at  the  time  of  flowering.  A  number  of  the 
flowers  fall  without  setting  fruits,  and  their  stalks  blacken  and  putrefy.  The  rot  gradu- 
ally extends  along  the  inflorescences  and  affects  the  stalks  on  which  nuts  are  forming, 
causing  the  latter  to  drop  while  immature.  Very  often  the  damage  does  not  stop  here. 
The  flower  stalk  arises  from  the  axil  of  the  lowest  leaf  and,  therefore,  leads  directly  to 
the  base  of  the  swollen  green  part  of  the  top  of  the  stem.  This  green  portion  consists  of 
a  number  of  leaf  sheaths  which  clasp  the  young,  growing  end  of  the  palm,  forming  thick, 
protective  covering  to  the  growing  point.  The  lowest  of  these  sheaths  becomes  affected 
near  the  point  of  origin  of  the  flower  stalk,  and  a  patch  of  rot  makes  its  appearance  at 
this  point.  The  sheaths  next  underlying  the  fu-st  are  then  attacked,  and,  since  the 
internal  parts  are  softer  than  those  outside,  the  rot  spreads  with  increasing  rapidity 
as  it  approaches  the  apical  bud.  ^Mien  the  growing  point  in  the  center  of  the  bud  is 
reached  it  also  is  destroyed,  and  the  whole  head  withers  and  falls  off.  Not  alone,  there- 
fore, is  the  crop  lost,  but  the  whole  tree  is  killed,  the  damage  caused  in  the  affected 
districts  being  very -heavy.  ^ 

This  description  answers  perfectl}^  to  the  bud-rot  of  the  coconut. 
Mr.  Butler,  however,  attributes  the  disease  to  a  species  of  Phytoph- 
thora.  Mr.  L.  C.  Coleman  has  also  studied  this  disease,  but  he  lays 
more  stress  on  the  infection  of  the  nuts  than  on  that  of  the  bud.  He 
writes : 

The  real  cause  is  a  parasitic  fungus  which  lives  in  and  on  the  areca  nuts.^  *  *  * 
Occasionally  it  succeeds  in  making  its  way  into  the  tissues  of  the  tree  top,  and  in  this 
case  the  tree  is  killed,  death  taking  place  within  a  com])aratively  few  weeks. ^ 

As  the  trees  in  this  region  extend  up  to  70  or  80  feet  in  height,  the  disease  in  the 
top  is  to  be  noticed  only  after  it  is  quite  advanced.  It  is,  therefore,  diflBcult  to  decide 
just  where  the  preliminary  infection  takes  place.'* 

The  tree  top  pictured  shows  a  decidedly  different  condition.  Here  also  the  nuta 
have  become  diseased  and  have  dropped  off,  but  the  bunch  stalk,  especially  at  the 
base,  appears  to  be  perfectly  healthy,  nor  could  any  trace  of  mycelium  be  found  in 
sections  taken  from  it.     On  the  other  hand,  the  growing  point  was  badly  decayed, 

>  Butler,  E.  J.  Some  Diseases  of  Palms.  Bulletin  of  the  Department  of  Agriculture  of  Jamaica,  vol.  5, 
pts.  2  and  3,  1907,  pp.  48-58. 

« Coleman,  Leslie  C.  Diseases  of  the  Areca  Palm.  I.  Koleroga.  Bulletin  2,  Mycologieal  Series, 
Department  of  Agriculture,  Mysore  State,  1910,  p.  4. 

'Coleman,  Leslie  C.     Op.  cit.,  p.  13. 

*  Coleman,  Leslie  C.    Op.  cit.,  p.  S3. 
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and  the  course  of  the  decay  seemed  to  have  been  alonp;  the  line  of  the  bases  of  the  leaf 
sheaths  which  form  the  protective  covering  of  the  tender  growint;  ])oint  of  the  stem.' 

Coleman  made  infection  experiments  ])oth  in  tlio  nuts  and  at  the 
growing  point  of  the  tree,  using  Phytophtliora  for  that  i)urposc.  Tlie 
inocuhitions  of  the  nuts  took  very  easily,  as  did  that  of  the  growing 
point.     In  regard  to  the  latter  he  says: 

An  examination  made  two  weeks  after  inoculation  showed  that  the  fungus  had 
grown  right  through  the  several  underlying  leaf  sheaths  and  had  attacked  the 
growing  point. ^ 

In  view  of  these  inoculations  by  Mr.  Coleman  there  can  be  little 
doubt  that  he  has  found  the  cause  of  the  disease.  The  resemblance 
between  this  betel-nut-palm  disease  and  the  coconut-palm  disease  is, 
however,  most  strikmg,  infection  occurring  as  blackening  of  the 
tissues  either  in  the  flower  stalks  or  in  the  crown  of  leaves,  or  in  both; 
subsequent  infection  of  the  growing  pomt;  soft  rot  and  death  of  the 
tree;  in  the  case  of  the  betel-nut  palm  or  areca  palm,  Phytophtliora 
believed  to  cause  the  disease,  although  numerous  bacteria  are  present 
in  the  diseased  growing  point;  in  the  case  of  the  coconut  palm, 
Bacillus  coli  proved  to  be  the  cause  of  the  disease,  although  Diplodia 
is  usually  abundant  on  diseased  nuts  and  the  upper  part  of  the 
middle  leaves. 

In  some  ways  the  disease  of  the  ro3^al  pahn  of  Cuba  resembles  more 
closely  the  areca-palm  disease  than  it  does  that  of  the  coconut  palm. 
It  is  not  at  all  improbable  that  some  fungus  may  be  found  to  occasion 
this. 

The  palmyra  palm  of  India  has  a  disease  similar  in  general  aspect 
to  that  of  the  areca  palm,  but  it  is  said  to  be  due  to  a  species  of 
Pythium.     The  following  is  from  Mr.  Butler:^ 

The  earliest  sign  is  the  alteration  in  color  of  one  of  the  leaves,  usually  one  of  those 
recently  expanded  toward  the  center  of  the  bud.  This  turns  white  and  soon  after- 
wards commences  to  wither.  Other  leaves  are  attacked  in  turn;  the  heart  of  the  bud 
is  reached,  and  the  whole  top  withers  and  falls  off,  the  last  stage  being  reached  only 
after  a  considerable  time. 

The  leaf  sheaths  of  all  diseased  trees  are  marked  by  irregular  sunken  spots  in  greater 
or  less  number.  In  the  earlier  stages,  and  particularly  in  the  inner  layers  where 
young  ones  are  often  numerous,  the  spots  are  white ;  later  on  they  become  brown .  They 
are  always  sunken  and  usually  have  somewhat  raised  edges.  They  begin  on  the  outer 
sheaths  and  may  be  traced  in  through  succeeding  ones  toward  the  heart  of  the  bud. 
As  the  inner  layers  are  softer,  the  inside  patches  are  often  larger  than  those  outside, 
and  may  even  give  rise  to  new  patches  which  extend  out  again  to  the  outside  sheath. 
In  all  cases,  however,  the  first  appearance  is  on  the  outer  sheaths.  The  earlier  patches 
are  dry  and  either  free  from  any  appearance  of  a  parasite  on  tlie  surface  or  covered 
with  a  white  mycelium  felt.  Very  soon  a  wet  rot  follows,  which  extends  with  great 
rapidity  in  the  delicate  central  tissues  and  converts  the  whole  heart  into  a  foul- 
smelling  mass  of  putrefaction  in  which  everything  is  involved,  and  the  original  agent 

1  Coleman,  Leslie  C.    Op.  cit.,  p.  54.     2  Coleman,  Leslie  C.    Op.  cit.,  p.  58.      ^  Butler,  E.  J.    Loc.  cit. 
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is  lost  sight  of.     It  is  at  this  stage  that  the  insect  grubs  referred  to  make  their  appear- 
ance, possibly  attracted  by  the  smell.     *    *    * 

It  is  only  in  the  early  stages,  before  the  wet  rot  starts,  that  the  true  cause  can  be 
made  out.  This  is  a  fungus  of  the  genus  Pythium,  a  near  ally  of  the  Phytophthora 
found  in  koleroga. 

In  no  other  palm  than  the  coconut  has  there  been  shown  to  be  a  rot 
of  the  crown  due  to  bacteria.  In  the  royal  palm,  in  the  areca  or 
betel-nut  palm,  and  in  the  palmyra  palm  there  occurs,  however, 
a  soft-rotted  condition,  and  in  all  cases  bacteria  are  present.  In  the 
areca  and  in  the  palmyra  palm  the  disease  is  said  to  be  due  to  fungi. 
It  would  be  of  great  value  to  ascertain  if  bacteria  would  not  bring 
about  a  similar  condition.  Palm  trees  are  difficult  subjects  for 
experimentation,  and  yet  it  would  seem  as  though  the  fleshy  part  of 
the  crown,  i.  e.,  the  growing  point,  furnishes  unusually  good  oppor- 
tunities for  the  work  of  bacteria,  especially  soft-rot  bacteria. 

In  a  recent  publication  ^  Mr.  Butler  describes  in  full  the  bud-rot 
of  the  palmyra  and  coconut  palms  as  he  has  found  it  in  India.  He 
made  several  apparently  successful  inoculations  with  Pythium 
palmivorum,  one  of  which  was  on  the  coconut  palm  and  the  others 
on  the  palmyra.  It  must  be  noted  that  the  inoculations  were  not 
made  with  pure  cultures,  at  least  not  pure  from  a  bacteriological 
point  of  view.     This  would  seem  to  lay  the  results  open  to  question. 

MICROSCOPIC  STUDIES. 

The  effect  of  the  bacteria  on  the  tissues  can  readily  be  seen  by 
studying  infected  material  under  the  microscope.  Microtome 
sections  stained  with  carbol  fuchsin  are  best  adapted  for  this  purpose. 

From  the  section  it  is  evident  that  the  bacteria  may  gain  entrance 
through  stomata  (PI.  XIII,  fig.  1)  and  from  the  inoculation  experi- 
ments described  on  other  pages  it  is  known  that  they  also  effect  an 
entrance  through  wounds.  The  germs  multiply  at  the  pomt  of 
entrance  and  cause  a  shrinking  of  the  cells  immediately  surrounding. 
They  rapidly  pass  into  the  interstices  and  between  the  walls  of 
normal  colls  (PL  XIII,  fig.  2),  far  in  advance  of  the  collapsed  tissues. 

The  cells  of  the  fundamental  tissues  have  bordered  pits  in  their 
walls,  or  it  is  possible  that  they  are  actually  pores.  The  scleren- 
chyraa  cells  have  greatly  thickened  walls  and  in  consequence  have 
much  deeper  pits,  which  appear  in  jilaces  to  be  actual  canals.  These 
canals  pass  to  the  middle  lamellae,  but  it  is  not  certain  that  they 
pass  through  them.  In  some  of  the  vessels  the  pits  are  so  numerous 
as  to  give  the  form  of  papillae  to  the  thickened  wall.  Comparison  of 
the  pits  of  the  vessels  with  those  of  the  fundamental  tissues  is  not  to 
be  taken  to  indicate  that  they  are  analogous,  but  merely  to  show 


1  Butler,  E.  J.    The  Biul-Rot  of  Palms  in  India.    Memoirs  of  the  Department  of  Agriculture  in  India, 
vol.  3,  no.  5,  1910,  pp.  221-280. 
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that  there  are  depressions  of  some  kind  in  the  walls  of  these  two 
classes  of  cells.  In  small,  thin-walled  cells  of  the  wood  parenchyma 
there  appear  to  bo  no  such  depressions. 

The  bacterial  action  under  these  different  conditions  is  according 
to  the  structure  of  the  tissue;  the  thin-walled  tissue  of  the  woody 
parenchyma  is  completely  (Usintegrated  and  the  vessels  whicli  it 
surrounds  are  set  free  (PI.  XIV,  figs.  1  and  2).  Aj^parently,  in  tliis 
case  the  bacteria  have  a  solvent  action  on  the  thin  walls,  which  are 
b'ttle  or  not  at  all  ligniiied.  In  the  fundamental  tissue  when  young, 
disintegration  also  results  from  the  bacterial  action.  In  such  cases 
swarms  of  bacteria,  adhering  in  groups  which  are  of  the  shape  of  the 
cells,  may  commonly  be  seen  with  no  distinct  walls  intervening.  In 
older  parts  of  the  fundamental  tissue  when  the  walls  have  become 
somewhat  lignified  no  disintegration  takes  place;  nevertheless,  the 
bacteria  gain  entrance  and  cause  a  disintegration  of  the  contents  of 
the  cells.  Whether  this  entrance  is  gained  solely  through  the  pits 
(or  pores)  or  is  effected  by  some  solvent  action  of  the  bacteria  on 
the  walls  is  not  certain.  With  the  disintegration  of  the  contents  of 
these  fundamental  tissue  cells  the  walls  collapse,  and  a  soft,  watery 
mass  results.  As  the  infection  becomes  farther  removed  from  the 
growing  point  where  the  tissues  are  harder  the  softening  action  is 
lessened.  In  the  trunk  below  the  heart  an  actual  rot,  i.  e.,  a  softening 
to  the  consistency  of  a  thick  liquid,  takes  place  for  a  distance  of  half 
a  meter  or  so  below  the  growing  point  (in  one  case  1^  meters).  This 
rot  does  not  affect  the  outer  portion  of  the  tree  (cortex),  but  leaves  it 
firmly  bound  together  by  its  many  wood  bundles  as  a  shell  surround- 
ing and  containing  the  soft  mass.  Toward  the  lower  part  of  the  rot 
the  bundles  in  the  center  of  the  trunk,  as  w^ell  as  those  at  the  periphery, 
remain  unaffected,  and  at  the  lowest  point  there  is  a  discolored  area 
which  contains  no  soft  rot  whatever.  It  is  frequently  possible  to 
obtain  a  bundle  of  the  fibers  a  foot  or  more  in  length  which  have  been 
freed  from  the  surrounding  parenchyma  by  the  rot.  Proceeding 
from  the  soft  tissues  upward  similar  changes  are  noticed.  As  the 
leaves  mature  the  pinnae  become  very  membranous  and  lose  their 
fleshy  condition.  The  epidermis  becomes  thicker  and  hardened  to 
such  an  extent  that  it  is  unaffected  by  the  bacterial  rot.  The  middle 
tissues  may  be  disintegrated,  but  the  epidermis  remams  a  trans- 
parent, papery  membrane,  covering  the  vascular  bundles,  or  veins. 
Spots  often  appear  high  up  in  both  the  mature  and  young  leaves, 
first  as  small  yellow  or  brown  dots  which  may  gradually  spread  nito 
Ions:,  brown,  water-soaked  streaks,  or  mav  be  restricted  to  small  dry 
areas.  In  the  water-soaked  streak,  which  eventually  passes  down 
the  leaves  to  the  heart,  are  swarms  of  bacteria  which  cause  the 
slimy  condition.     Fungi  also  are  frequently  present.     In  the  small 
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restricted  dried  areas  are  found  both  bacteria  and  fungous  filaments. 
It  has  not  been  possible  always  to  prove  that  fungous  filaments  were 
present,  but  it  has  always  been  demonstrated  that  bacteria  were  present. 
This  is  not  conclusive  evidence  one  way  or  the  other  as  to  the  cause 
of  the  spots.     In  case  the  spot  remains  restricted  it  is  evident  that 
the  bacteria  have  gained  no  foothold  to  thrive;  but  wdien  the  spots 
have  elongated  and  become  slimy,  then  the  bacteria  are  flourishing. 
Diseased  areas  may  occur  not  only  in  the  upper  parts  of  the  mature 
leaves  but  also  near  the  base  of  the  leafstalks  and  on  the  adjacent 
part  of  the  trunk.     These  spots  commonly  develop  as  brown  areas 
with  a  water-soaked  appearance.     They  vary  in  size  from  minute 
ones  to  those  a  decuneter  or  more  in  length  on  the  main  part  of  the 
stalk,  or  they  may  extend  indefinitely  into  the  strainer  when  it  is  in 
a  moist  condition.     These  spots,  as  a  rule,  are  slightly  below  the 
general  level  of  the  tissue.     If  a  piece  of  the  diseased  leaf  tissues,  the 
surface  of  which  has  been  washed  clean,  is  pressed,  a  cloudy  juice 
oozes  out,  consisting  of  the  ordinary  juice  from  the  tissues  made 
cloudy  by  the  crushed  cell  tissues  and  myriads  of  bacteria.     Hand 
sections  of  this  tissue  are  difficult  to  make,   but  not  impossible. 
These  sections  show  a  general  brown  staining  of  the  tissues  and  shght, 
if  any,  collapse  of  the  cell  walls.     The  contents  are  granular  in  appear- 
ance.    What  appear  to  be  bacteria  occur  in  these  cells  scattered 
unevenly  throughout  the  diseased  parts;  they  swarm  in  some  of  the 
cells,  but  are  apparently  absent  from  others.     No  fungous  filaments 
have  been  found   in   these  water-soaked   areas,   although  fungous 
infections  frequently   take  place  near  the  base   of  the  leafstalks. 
Such  places  present  dry,  gray,  hardened  surfaces  with  tiny  pustules 
here  and  there.     It  often  happens  that  spots  occur  on  the  upper  part 
of  the  middle  leaves  when  the  heart  is  perfectly  sound  and  no  bud- 
rot  is  apparent.     These  spots  have  been  described  above  m  that  they 
were  said  to  be  brown,  becoming  dry,  and  to  contain  either  bacteria 
or  fungi,  or  both.     The  diseased  spot  seldom  if  ever  spreads  more 
than  5  to  8  centimeters  unless  the  leaves  are  very  young  or  have  been 
injured.     If  the  leaves  arc  young  or  fleshy  the  rot  will  spread  down- 
ward from  the  bacterial  action,  causing  typical  bud-rot  at  the  heart. 
Until  tlie  leaf  where  the  infection  first  occurred  becomes  old  and  mem- 
branous the  fungous  infection  will  spread  either  upward  or  down- 
ward, but  it  will  not  spread  m  a  healthy  unmjured  leaf.     The  fungi 
that  occur  on  these  tissues  are  various,  but  the  most  common  are 
Pestalozzia  imlmarum  Cke.  and  what  has  been  called  Botryodiplodium 
sp.     They  appear  at  maturity  as  an  irregular  sooty  mass  on  the 
surface  of  the  leaves,   or  they  break  out  from  slender  elongated 
])ustulcs,  or  they  may  appear  as  tiny  black  dots  in  the  centers  of 
the  dry  spots.     The  Pestalozzia  is  common  on  diseased  palms  and 
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is  easily  distinguished.  The  Botiyodiplodiiiin  is  less  distinctivo 
in  that  its  spore  form  seems  to  l)e  varied,  i.e.,  there  is  often  either 
an  ovate,  ohve-ldack,  one-cehed  sj^ore  or  an  oHve,  more  or  less 
cyhn(hieal,  two-celled  spore  with  rountk'd  ends.  Either  unv  or 
the  other  spore  may  be  colorless  or  may  range  from  olive  to  olive- 
black  in  color.  It  is  possible  that  two  different  fungi  arc  hero  con- 
fused. However  that  is,  it  is  certain  that  the  forms  mentioned  are 
almost  invariably  found  on  the  diseased  central  leaves  of  the  coconut. 
In  addition  to  the  above  considerations,  tiny  brown  spots  have  been 
rarely  found  on  the  surface  of  the  soft  tissues  near  the  heart.  They 
appear  as  slight  cracks  from  which  a  red,  transparent  gum  oozes. 
Microscopic  sections  of  these  spots  revealed  no  parasites  whatever, 
either  fungous  or  bacterial.  The  cell  corners  of  the  brown  area 
stain  deeply,  but  otherwise  no  change  is  apparent.  The  cause  of  this 
has  not  been  discovered. 


VALUE  OF  COCONUT  PRODUCTS. 

In  order  to  suggest  the  importance  of  the  coconut  industry, 
statistics  as  to  the  exports,  imports,  acreage,  etc.,  of  various  countries 
are  here  included.  It  is  impossible  to  obtain  full  data  from  all  dis- 
tricts, but  it  is  believed  that  the  figures  here  given  are  sufficient  to 
indicate  partially  the  great  extent  of  this  industry  and  the  very 
)us  nature  of  any  disease  so  widely  distributed  and  destructive 
as  the  bud-rot. 

Table  XXXII  gives  the  value  of  the  imports  of  coconuts  and  coco- 
nut products  into  the  United  States  for  the  years  1903  and  1904. 
It  will  be  noted  that  the  items  listed  are  coconuts,  oil,  copra,  pre- 
pared copra,  and  coir  fiber.  Of  these  the  nuts  are  obtained  almost 
entirely  from  tropical  America,  while  some  of  the  other  products 
come  largely  from  the  East  Indies. 

LE  XXXII. —  Value  of  coconuts  and  coconut  products  imported  into  the   United 

States. 


Item. 

1903. 

1904. 

Coconuts. .          

8908,242.00 

2,494,442.20 

354,122.00 

134,240.00 

7,098.00 

8971,852.00 

Coconut  oil                        

2,186,161.77 

Copra                    

273,143.00 

Pren^red  conm  .             

135,386.00 

Coir  itber                                                 

3, 462. 00 

3,898,144.20 

3,570,004.77 

Table  XXXIII  gives  the  source  of  a  part  of  the  coconuts  imported 
into  the  United  States,  as  per  official  reports  of  exporting  countries. 
The  source  of  the  products,  oil  and  copra,  are  given  in  volumes 
entitled  Trade  and  Na.vigation  of  the  United  States,  published  by 
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the  Department  of  Commerce  and  Labor,  but  the  sources  of  coir 
are  not  so  readily  obtainable;  these  products  come  chiefly  from  the 
East  Indies  and  the  Philippines.  Colombia  is  kno\\Ti  to  be  a  large 
exporter  to  the  United  States  from  the  fact  that  the  value  of  coco- 
nuts imported  thence  into  the  United  States,  as  sho\vTi  by  the  United 
States  Department  of  Commerce  and  Labor,  is  in  some  years  larger 
than  the  value  of  like  imports  from  any  other  single  country.  Brazil 
is  said  to  be  a  very  large  producer  of  nuts,  but  the  exports  to  all 
countries  in  late  years  are  of  small  importance;  there  is  no  record 
of  importations  thence  into  the  United  States.  The  places  mentioned 
in  Table  XXXIII  are  the  ones  commonly  heard  of  in  the  markets. 

Table  XXXIII. — Source  and  number  of  coconuts  imported  into  the  United  States,  by 

years,  1903-1906. 

[Figures  under  Bahamas,  Honduras,  and  Porto  Rico  not  verified,  as  there  are  no  statistics  of  same  on 

record  in  the  Bureau  of  Plant  Industry.] 


Country  of  origin. 

1903. 

1904. 

1905. 

1906. 

Cuba  1 

14,579,000 
17,670,212 

16,733,000 
9,364,543 

15.501,000 
2,258,065 

15,968,000 
4.651.046 

Jamaica  ^ 

Bahamas 

297,850 

Honduras 

7,868,456 

3,951,801 

17,258 

Trinidad " 

4,245,5.30 
46,829 

8,508,226 

561,334 

4,888,053 

9,054,355 

British  Guiana  ^ 

Porto  Rico 

'  From  Estadistica  General  Comercio  Exterior,  Republica  de  Cuba. 

2  Statistical  Tables,  Coloniiil  and  Other  Possessions,  Great  Britain. 

3  From  Handbook  of  British  Guiana,  1908. 

Coconut  trees  are  found  in  greater  or  less  numbers  in  all  countries 
of  tropical  America  bordering  the  ocean,  but  they  are  found  by  no 
means  along  all  the  coast  line.  In  these  countries  there  are  many 
miles  of  coast  where  no  such  trees  are  visible.  The  few  coun- 
tries mentioned  in  Table  XXXIII,  together  with  Nicaragua,  Co- 
lombia, and  Venezuela,  of  tropical  America  are  the  chief  sources 
of  the  coconuts  which  are  sent  to  the  United  States.  It  is  said 
that  the  coast  of  Brazil  between  the  Rio  San  Francisco  and  the 
bar  of  Mamanguape,  a  distance  of  450  kilometers,  is  one  almost 
unbroken  stretch  of  coconut  trees.  In  addition,  there  are  some  coco- 
nuts on  the  western  coast  of  tropical  America,  though  excepting  in 
Colombia  not  in  great  numbers.  According  to  report.  South  America 
has  1,000,000  acres  in  coconut  cultivation.  Table  XXXIV  is  here 
included  to  show  the  immense  importance  of  the  exportation  from 
the  East.  The  data  are  incomplete  and  not  in  all  cases  comparable, 
but  they  suffice  to  show  that  the  industry  is  widespread  and  of  very 
great  importance. 
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Table  XXXIV. — Exports,  products,  or  acreage  nf  coconuts  of  various  countries. 


Countries. 


Philippines dollars. 

Fiji  Islands 


Samoa  Islands tons. 

Marsliall  Islands 

Tutiiila tons. 

Soloinon  Islands 

Federated  Malay  States acres. 

Portuguese  West  Africa 

Portuguese  East  Africa 

German  East  Africa 


New  South  Wales hundredweight. 

Ceylon acres. 

Oil hundredweight. 

Copra do. .. 

Desiccated pounds. 

Nuts nuts. 

British  India  and  its  dependencies. acres. 

Mauritius hundredweight. 

South  America acres. 


AmouBt. 


3,819,793 
5,400 


500 

'nisoo' 


145,510 

606, 134 

687,623 

732,015 

18,384,800 

13,615,589 

480,000 

7,430 

1,000,000 


Year. 


1903 
HK)3 


1907 

1907 
1907 


1904 
1904 
1901 
1903 


1907 
1886 
1903 


1886 
1907 
1886 


Kcmarks. 


Value  of  copra  exported. 

Land   i.s  covered    with  coconut  trees 

which,   if  counted,   would   numlwr 

millionst 
Amount  of  copra  exported  valued  at 

£77,981. 
Imported  crop. 
Copra  annually  exported. 
Only  product  yet  cultivated. 
Valued  at  $12,0(H),0(J0  to  ?15,000,000. 
^Production  of  copra  incrnivsing.    Coir 

fiber  has  been  made  for  years. 
Oerman   East  African  As,sociation  in 

Muoa  has  200,000  trees;  Kjeine,  in 

Togo,  136,000  trees  at  end  of  1901. 

Valued  at  £180,787. 

These  exports  represent  a  total  number 

■    of  565,527,757  nuts. 

Valued  at  £8,680. 


It  is  reasonable  to  assume  that  the  use  of  such  products  is  Hkely 
to  increase  in  this  country.  The  present  situation  in  regard  to  tlie 
extent  of  the  coconut  industry  makes  it  apparent  that  the  progress 
of  any  such  viddespread  disease  as  the  bud-rot  should  be  studied 
with  great  care. 

Owing  to  the  great  distance  of  the  East  from  the  European  coun- 
tries the  produce  is  carried  in  the  form  of  copra,  oil,  or  coir,  rather 
than  as  whole  nuts,  the  most  common  form  in  tropical  America. 

No  data  are  available  to  prove  the  statement,  but  it  may  be  gathered 
from  various  notes  on  the  subject  that  European  countries  are  away 
ahead  of  America  in  the  consumption  of  coconut  products,  particu- 
larly that  of  coconut  oil  for  cosmetics,  cooking  compounds,  butter, 
medicinal  compounds,  etc.,  and  coir  for  mats  and  ropes. 

SUMMARY. 

(1)  A  disease  of  coconuts  has  been  known  for  more  than  30  years 
in  Cuba.  A  similar  trouble  has  also  caused  widespread  loss  in  Jamaica, 
British  Honduras,  Trinidad,  and  British  Guiana. 

(2)  This  disease  is  called  the  bud-rot,  owing  to  a  rot  occurring  in 
the  bud  of  the  tree.  The  early  sjonptoms  are  the  yellowing  and 
falUng  of  the  leaves  and  the  dropping  of  immature  nuts.  Eventually 
the  middle  folded  leaves  bend  over  and  the  entire  heart  of  the  crown 
is  involved  in  a  vile-smeUing  soft  rot. 

(3)  The  spread  of  the  disease,  wdth  the  consequent  heavy  loss,  may 
be  very  rapid.  A  single  tree  may  be  killed  in  two  months  to  a  year 
or  more  after  infection,  and  entire  groves  may  be  destroyed  in  two 
or  three  years. 

(4)  This  disease  (or  a  disease  with  similar  symptoms)  occurs  in 
many  parts  of  Cuba,  both  in  the  eastern  and  western  ends ;  in  western 
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Jamaica,  and  in  a  few  cases  in  the  extreme  eastern  end ;  in  the  Cajnnan 
Islands;  in  British  Honduras;  in  Trinidad  on  the  north  and  west 
sides;  in  British  Guiana  at  the  mouth  of  the  Essequibo  River  and  at 
Mahaicony.  According  to  reports  it  occurs  also  in  the  Pliilippines 
and  in  Ceylon;  probably  in  British  India,  in  German  East  Africa,  and 
in  Portuguese  East  Africa. 

(5)  This  disease  was  investigated  in  1901,  at  the  request  of  the 
planters  of  Baracoa,  Cuba,  by  Mr.  August  Busck,  entomologist  of  the 
United  States  Department  of  Agriculture.  In  1904,  Dr.  Erwin  F. 
Smith,  plant  pathologist  of  the  same  Department,  made  further  inves- 
tigations in  the  same  district,  and  declared  the  disease  to  be  a  bac- 
terial soft  rot  of  the  terminal  bud.  Mr.  W.  T.  Ilorne,  until  recently 
plant  pathologist  of  the  Estacion  Central  Agronomica  of  Santiago 
de  las  A^egas,  studied  the  disease  in  1906  to  1909,  in  both  the  eastern 
and  western  districts  of  Cuba.  Mr.  W.  Fawcett,  formerly  director 
of  the  botanical  de])artment  of  Jamaica,  reported  tlie  trouble  in 
Jamaica  in  1891,  and  since  then  has  made  frequent  observations  on  it. 
Mr.  W.  Cradwick,  traveling  instructor  of  the  same  department,  has 
also  made  studies  on  the  same  malady.  Prof.  F.  S.  Earle,  while  on 
the  staff  of  the  New  York  Botanical  Gardens,  reported  on  the  disease 
in  Jamaica  in  1902.  Mr.  W.  A.  ^Murrill,  of  the  same  staff,  reported 
on  it  in  1908.  In  Trinidad,  Mr.  W.  Greig  called  attention  to  the  dis- 
ease in  1905.  Mr.  J.  H.  Plart,  formerly  director  of  the  botanical 
station  of  Trinidad,  investigated  the  trouble  in  the  same  year.  Mr. 
F.  A.  Stockdale,  until  recently  mycologist  of  the  Imperial  Department 
of  Agriculture  for  the  West  Indies,  studied  the  troubles  of  the  coconut 
in  1906.  Dr.  A.  Fredholm  made  a  report  on  the  fungous  diseases  of 
the  coconut  in  Trinidad  in  1909. 

(6)  The  extent  and  nature  of  the  disease  of  the  coconut  were 
investigated  by  the  writer  for  the  United  States  Department  of  Agri- 
culture, in  1907,  in  Cuba,  Jamaica,  Trinidad,  and  British  Guiana. 
Other  investigations  were  carried  on  in  eastern  Cuba  in  1908,  1909, 
and  1910,  and  some  observations  were  made  in  Porto  Rico  in  1910 
and  1911. 

(7)  The  location  of  the  malady  in  the  tissues  with  reference  to  the 
general  structure  of  the  tree  makes  it  a  particularly  difficult  one  with 
which  to  experiment  by  direct  means. 

(8)  Infection  experiments  with  bacteria  were  successful  in  pro- 
ducing typical  bud-rot.  Infection  experiments  with  fungi  ])roduced 
only  dry  and  brown  spots  of  limited  extent. 

(9)  Experimental  application  of  various  approved  fungicidal  mix- 
tures as  remedies  gave  negative  results.  In  general,  those  ])lanters 
attending  to  ordinary  methods  of  sanitation  in  their  groves  had  httle 
trouble  with  tliis  disease. 
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(10)  The  cause  of  the  disease  in  eastern  Cuba  is  shown  by  repeated 
inoculation  exj)eriments  to  be  a  bacterial  orj^anisni. 

(11)  Cultural  studies  of  the  oro;anism  causing  the  bud-rot  show  it 
to  be  practically  identical  with  Bacillus  coli  (Escherich)  I^ligula. 

(12)  Inoculations  into  coconut  seedlings  with  Bacillus  coli  of 
animal  origin  give  infections  similar  to  inoculations  with  the  coconut 
organisms. 

(13)  Com])arison  of  Bacilhis  coli  with  the  organisms  first  isolated  by 
the  writer  and  those  isolated  by  at  least  one  other  worker  indicate 
that  Bacillus  coli  has  been  isolated  in  other  experiments  but  not 
identified. 

(14)  Comparison  of  the  bud-rot  caused  by  Bacillus  coli  with  several 
diseases  of  the  coconut  palm  ascribed  in  hterature  to  other  causes 
indicate  that  several  of  these  diseases  are  identical  wdth  bud-rot. 

(15)  Comparison  of  the  bud-rot  of  the  coconut  palm  with  diseases 
of  several  other  palms  suggests  that  they  may  be  the  same  thing. 

(16)  Studies  with  the  microscope  show  that  the  bacteria  thrive 
only  in  the  meristematic  tissues  wlxich  are  Httle  or  not  at  all  hgnified. 
Stomatal  infections  are  common  on  the  young  tissues. 

(17)  It  is  believed  that  birds  and  insects  are  carriers  of  this 
disease,  but  the  subject  requires  further  study. 

(18)  The  value  of  the  annual  importation  of  coconuts  and  coco- 
nut products  into  the  United  States  is  about  S4,000,000.  In  1906 
Baracoa,  Cuba,  w^as  our  largest  source  of  coconuts,  wdth  Trinidad  as 
second. 

RECOMMENDATIONS. 

Owing  to  the  widespread  distribution  of  the  bud-rot  no  coconut 
district  in  the  American  Tropics  is  secure  from  danger  of  infection. 
This  bud-rot  is  due  to  a  bacterial  organism  which  may  be  distributed 
from  place  to  place  on  the  green  unhusked  coconut,  and  may  be  car- 
ried to  healthy  trees  by  insects  or  other  animal  Hfe  infesting  diseased 
trees. 

It  is  recommended,  therefore,  to  cut  down  all  badly  diseased  trees, 
or  at  least  trim  the  tops  and  set  fire  to  them.  All  debris,  fallen 
leaves,  nuts,  etc.,  should  be  removed  so  as  to  destroy  any  infected 
material  and  any  breeding  place  for  insects  which  might  serve  to 
transmit  the  disease. 

These  ordinary  methods  of  sanitation,  together  with  proper 
methods  of  cultivation,  if  carried  out  faithfully  by  the  planters  of  a 
whole  district  will  reduce  the  loss  by  tliis  disease  to  a  minimum. 

It  is  further  urged  that  attempts  be  made  to  extend  the  coconut 
industry  in  Porto  Rico  to  take  the  place  of  the  rapidly  f aiUng  groves 
of  eastern  Cuba.  Inasmuch  as  tliis  island  appears  to  be  free  from  the 
disease,  it  is  urged  also  that  special  efforts  be  made  by  the  General 
Government  of  the  United  States  to  keep  it  so. 
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Acetic  acid.     5ce  Acid,  acetic.  Page. 

Acetone,  product  of  growth  of  bud-rot  organism 96-97 

Acid,  acetic,  product  of  growth  of  bud-rot  organism 98-100 

carbolic,  use  in  testing  bud-rot  organism 121-122 

citric,  use  in  testing  bud-rot  organism 121-122 

formic,  product  of  growth  of  bud-rot  organism 98-100 

hydrochloric,  use  in  testing  bud-rot  organism 119-120 

lactic,  relation  to  growth  of  bud-rot  organism 98, 121-122 

oxalic,  use  in  testing  bud-rot  organism 121-122 

pyrogallic,  use  in  tests  of  bud-rot  organism 65-66 

relation  to  growth  of  bud-rot  organism 65-66, 

68-71, 75-77, 81,  94-100, 107-111, 115-122, 137-138, 144, 145 

rosolic,  use  in  testing  bud-rot  organism 69, 115-116 

succinic,  product  of  growth  of  bud-rot  organism 98-100, 116-1 1 7 

sulphuric,  use  in  testing  bud-rot  organism 71, 118, 121-122 

Africa,  soiirce  of  coconut  products 20, 161, 162 

Agar,  beef,  with  caffein,  medium  for  growth  of  bud-rot  organism 107 

carrot,  medium  for  growth  of  bud-rot  organism 114, 138 

Dolt's  synthetic,  medium  for  growth  of  bud-rot  organism 51 , 

79-80, 127, 129-132, 134, 136, 137, 141, 153 

Endo's  fu(hsin,  medium  for  growth  of  bud-rot  organism 71,  79, 88-90, 137 

Kashida's  litmus-lactose,  medium  for  growth  of  bud-rot  organism 71, 

119-120, 138, 139 

litmus-lactose,  medium  for  growth  of  bud-rot  organism 71, 

See  also  Dolt's  synthetic 79-80, 114, 119-120, 127, 138, 139 

MacConkey's  bile-salt,  medium  for  growth  of  bud-rot  organism. . .  82, 83-84, 137 

medium  for  growth  of  bud-rot  organism 19, 51, 64-67, 71, 

79-84,  88-91, 106, 107, 114, 119-120, 127, 129-132,  134, 136-139, 141, 144, 153 

oxalic-acid,  medium  for  growth  of  bud-rot  organism 114, 138 

potato,  medium  for  growth  of  bud-rot  organism 114 

Wurtz's  litmus,  medium  for  growth  of  bud-rot  organism 79 

Air,  effect  on  growth  of  bud-rot  organism 65-66 

Albumin,  medium  for  growth  of  bud-rot  organism 107-109, 116 

Alcohol,  relation  to  growth  of  bud-rot  organism 96-97, 100, 123, 130. 132 

Aldehydes,  products  of  gro%rth  of  bud-rot  organism 96-97 

Alkali,  effect  on  growth  of  bud-rot  organism 109-111, 118, 120 

Alsberg,  C.  L.,  on  analysis  of  products  of  bud-rot  organism 99-100 

America,  tropical,  source  of  coconut  products 159-161, 163 

Ammonium,  relation  of  salts  to  bud-rot  organism 80, 

93-94, 101-104, 119-120, 126-129, 137-140 

Amylodextrin,  product  of  growth  of  bud-rot  organism 73-76 

Animals,  relation  to  spread  of  bud-rot 11. 47, 49-52, 61, 126-136, 163 

See  also  Insects. 
Anisolabis  janeirensis.     See  Earwigs. 
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Annotto  Bay,  Jamaica,  nonoccurrence  of  coconut  bud-rot 30 

Ants,  presence  in  palms  affected  by  bud-rot 15, 48,  61,  63 

Areca,  species  of  palm  subject  to  disease  resembling  bud-rot 154-156 

Artemisa,  Cuba,  occurrence  of  bud-rot 12 

Asparagin,  use  in  testing  bud -rot  organism 101-104, 107, 121-122, 138, 139 

Bachiller,  Antonio,  on  occurrence  of  coconut  bud-rot  in  Cuba 13 

Bacillus  amylobacter,  relation  to  coconut  bud-rot 39, 151 

coli,  causal  organism  of  bud-rot 52-53, 136-142, 163 

See  also  Bud-rot,  causal  organism. 

comparison  with  coconut  bud-rot  organisms 64-146, 163 

differentiation  of  various  species 53, 140 

effect  on  tissues,  microscopic  studies 156-159, 163 

identification  tests 53,  77-136, 163 

occurrence  in  digestive  tract  of  insects 51-53 

summary  of  characters 137-142 

typhosus,  comparison  with  Bacillus  coli 91, 106, 107, 120-122 

Bacteria,  cause  of  bud-rot 9-11, 19,  22, 24-26,  38-48,  52,  55,  63, 151, 163 

effect  on  tissues,  microscopic  studies. .  22, 25,  26,  39-46,  55, 151, 156-159, 163 

See  also  Bacillus  and  Bud-rot. 

Bahamas,  accounts  relating  to  occuiTence  of  bud-rot 24,  36 

source  of  coconut  products 160 

Balmaseda,  F.  J.,  on  occurrence  of  bud-rot  in  Cuba 13 

Banes,  Cuba,  occurrence  of  bud-rot 12, 152 

Baracoa,  Cuba,  occun-ence  of  bud-rot 9, 

12, 14,  22,  27-29, 40,  42,  48-49,  51,  01-62, 135, 141-142,  152, 162, 163 

Barrett,  O.  W.,  on  occurrence  of  bud-rot  in  Trinidad 25-26,  32 

Bartlett,  A.  H.,  assistance  in  investigations  of  bud-rot 34 

Baton,  W.  U.  C,  and  Longley,  F.  F.,  on  identification  of  Bacillus  coli 66,  78 

Beef,  medium  for  growth  of  bud-rot  organism.    See  media;  as,  Agar,  Bouillon, 

Broth,  Gelatin,  etc. 

Beetles,  presence  on  palms  affected  by  bud-rot 61, 148, 154 

Bessey,  E.  A.,  on  nonoccun-ence  of  bud-rot  in  Florida 36 

Betel-nut,  species  of  palm  subject  to  disease  resembling  bud-rot 154-156 

Bile-salt  agar,  MacConkey's.    See  Agar,  MacConkey's  bile-salt. 

Birds,  possible  disseminators  of  bud-rot 49,  51-53, 163 

Birt,  C,  on  test  for  Bacillus  coli 107 

Blal)era  fusca.    See  Cockroaches. 

Blanford,  W.  H.,  on  occm'rence  of  bud-rot  in  15ritish  Honduras 16 

Bordeaux  mixture.     See  Mixture,  Bordeaux. 

Botryodiplodium,  association  with  bud-rot 25, 47, 158-159 

Bouillon,  medivun  for  gi'owth  of  bud-rot  organism 51, 

52, 65,  67,  69-71,  76-79, 82, 85, 87, 91,  93, 94, 109-111, 

114-116,  118,  124-125,  127-134,  142,  143,  145,  153 

Brazil,  source  of  coconut  products 160 

British  Guiana.    See  Guiana,  British. 

British  Honduras.    See  Honduras,  British. 

Broth,  medium  for  growth  of  bud-rot  organism 78, 142 

Bud-rot,  attributed  to  causes  other  than  Bacillus  coli 22, 

38-39, 47-48, 146-152, 155, 158-159, 163 

causal  organism,  characteristics  by  physical  methods 124-126 

comparison  with  Bacillus  coli 52-53,  64-146, 153, 163 

See  also  detailed  features  of  comparison;  as,  Acid, 

Color,  Gas,  Morphology,  etc. 
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Bud-rot,  causal  OTganifim,  rulturul  experiments fi  1-120, 103 

description C'1-05 

group  characteristics 04-77 

number 70-77 

growth  in  various  media 04-124, 130-140, 103 

See  also  names  of  media;  as,  Agar,  Bouillon,  etc. 

products  of  growth 92-101 

reisolation  from  artificial  infections 129-130, 134 

See  also  Isolation . 

special  test  reactions  for  identification 77-92 

summary  of  characters 130-142 

control  of  disease,  methods  and  experiments 10, 20, 23, 30, 54-63 

See  also  Bud-rot,  sanitation, 
diagnosis.    See  Bud-rot,  indications  of  presence  of  disease. 

field  studies 38-63, 103 

geographic  distribution 9, 11-21, 101-102 

indications  of  presence  of  disease 10-11 , 

15-20,  22-26, 32-34, 41, 49, 54, 55, 149-153, 157-159, 161 

infectious  nature  of  the  disease 38 

See  also  Infection. 

investigation  in  the  West  Indies 11-16, 22-36, 3S-63, 161-163 

isolation  of  causal  organism.    See  Isolation. 

laboratory  and  greenhouse  studies...  45-46,  63-136, 139, 141-142, 156-159, 163 

occurrence  in  tropical  America 9, 11-18, 101-103 

See  also  names  of  countries  and  places;  as,  Cuba,  Trinidad,  etc. 

on  palms  other  than  coconut 152-156, 163 

possible  occurence  in  eastern  Tropics 9, 11, 18-21, 162 

See  also  names  of  countries  and  places;  as,  Ceylon,  Tahiti,  etc. 

progress  of  infection  through  host 10, 47, 54, 156-159 

See  also  Infection. 

sanitation,  efficacy  in  control  of  disease 14-15, 27, 29, 33, 59-60, 162, 163 

Busck,  August,  on  occurrence  of  bud-rot  in  the  ^^'e8t  Indies 14,  22, 24, 162 

Butler,  E.  J.,  on  diseases  of  palms 20, 154-156 

Buzzard,  turkey,  possible  disseminator  of  bud-rot 51, 52, 53 

Caff ein,  inhibition  of  growth  of  bud-rot  organism 107, 138 

Calcium  carbonate,  use  in  testing  bud-rot  oi^anism 94-96,  99 

chlorid,  use  in  testing  bud-rot  organism 104-106, 107 

phosphate,  presence  in  normal  coconut  tissues 115 

Cane  sugar.    See  Sugar,  cane. 

Capaldi  and  Proskauer.    See  Media,  Capaldi  and  Proskauer. 

Cape  Cruz,  Cuba,  occurrence  of  bud-rot 12 

Cape  Maisi,  Cuba,  occurrence  of  bud-rot 12 

Carbohydrates,  relation  to  products  of  growth  of  Bacillus  coli 76, 145 

See  also  Saccharose,  Sugar,  etc. 
Carbolic  acid.     See  Acid,  carbolic. 

Carbon,  source  for  bud-rot  organism 104-106. 145 

Cardenas,  Cuba,  occurrence  of  bud-rot 12 

Carrot  agar.     See  Agar,  carrot. 

Caudell,  A.  N.,  on  determination  of  insect  species Gl 

Cayman  Islands,  occurrence  of  coconut  bud-rot 11, 15-16, 162 

Cedros  Point,  Trinidad,  occurrence  of  bud-rot 33 

Centipedes,  presence  on  palms  affected  by  bud-rot 61 
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Central  Agronomical  Station,  Cuba,  investigations  of  coconut  bud-rot. .  14, 22-23, 162 

Ceylon,  source  of  coconut  products 19, 161, 162 

Chemicals,  application  for  control  of  bud-rot 56-58, 61-63, 162 

Chlorid,  mercuric,  effect  on  growth  of  bud-rot  organism 114-115 

Cienfuegos,  Cuba,  occurrence  of  coconut  bud-rot 12 

Citric  acid.     See  Acid,  citric. 

Clay,  relation  of  presence  in  soil  to  bud-rot 32, 146-147 

Climate,  relation  to  coconut  bud-rot 9, 24, 147, 151 

Cockroaches,  presence  on  palms  affected  by  bud-rot 48, 61 

Coconut,  comparison  of  bud-rot  organisms  with  Bacillus  coli 64-136, 142-146, 163 

conditions  of  industry  in  the  West  Indies 9, 27-36, 161-163 

exports  of  various  countries 9, 159-161 

groves,  loss  due  to  bud-rot,  in  the  West  Indies.  . .  11,  27, 28, 34, 135, 161, 163 

inoculations  of  seedlings  with  Bacillus  coli 126-136, 139, 163 

6tructural  studies  of  tree 36-38, 156-157, 162 

use  of  products  in  testing  bud-rot  organism 117-118, 122-124, 138 

value  and  sources  of  products 159-161, 163 

Cohn's  solution.    See  Solution,  Cohn's. 

Coleman,  L.  C,  on  disease  of  the  areca  palm 154, 155 

Colombia,  source  of  coconut  products 36, 160 

Colonies,  bacterial,  comparison 40-45, 

64-65,  67, 71, 77, 80, 89-90, 114, 119-122, 126-127, 129-133, 141 

Color,  relation  to  bud-rot  organism 71, 

76,  93,  98, 100-101, 106-109, 118,  120-122, 137, 138 
See  also  Litmus;  and  Red,  neutral. 
Control  of  bud-rot,  methods  and  experiments.     See  Bud-rot,  control  of  disease. 

Copeland,  E.  B.,  on  occurrence  of  bud-rot  in  the  Philippine  Islands 19 

Copper  sulphate,  application  for  control  of  bud-rot 56-57, 162 

Coquillett,  D.  W.,  identification  of  insects  in  bud-rot  tissues 51 

Courmont,  J.,  and  Lacomme,  L.,  on  test  for  Bacillus  coli 107 

Cradwick,  W.,  on  occurrence  of  bud-rot  in  Jamaica 23, 162 

Cuba,  occiirrence  of  diseases  on  palms 9, 11-14, 22-23, 

27-30,  33,  40^2,  47^9,  51,  52, 59-62, 135, 139-143, 145, 152, 155, 161-163 

soiu'ce  of  coconut  products 160, 163 

Cucumbers,  bacterial  inoculations  producing  rote 44 

Cultural  experiments.     See  Experiments. 

Cyclonotum  fiavicorue,  presence  on  palms  affected  by  Ijud-rof 61 

Damage.     See  Losses. 

Davalos,  Dr.,  on  cause  of  soft  rot  of  the  coconut 39, 151 

Demerara,  British  Guia-na,  occurrence  of  coconut  bud-rot 16, 34, 40, 143 

Desiccation,  effect  on  growth  of  bud-rot  organism 125 

Dextrose,  use  in  testing  bud-rot  organism 52,  68-72,  76-83, 85-87, 91, 

93,  96,  99,  104-106,  115,  117, 127, 129-131, 133, 134, 137-139, 142, 144, 145 
Diagnosis  of  bud-rot.     See  Bud-rot,  indications  of  presence  of  disease. 

Diplodia,  relation  to  coconut  bud-rot 47, 155 

Dipotassium  phosphate,  use  in  media  for  growth  of  bud-rot  organism 104-106 

Disodic  phosphate.     See  Phosphate,  di'^odic. 

Doane,  R.  W.,  on  injury  f o  coconut  trees  by  scale  insects 148 

Dolt,  M.  L.,  on  method  of  identifying  Bacillus  coli 80 

Dolt's  synthetic  medium.     See  Agar,  Dolt's  synthetic. 

Dominican  Republic,  reported  occurrence  of  coconut  bud-rot 18 

Drainage,  relation  to  coconut  bud-rot 33,  34, 147 

Dunham's  solution.     See  Solution,  Dunham's. 
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Earle,  F.  S.,  on  occurrence  of  bud-rot  in  Jamaica 24, 1G2 

Earwigs,  presence  on  palms  affected  by  bud-rot 15, 48,  50,  51,  53,  CI,  153 

Eastern  Hemisphere.     See  Tropics,  eastern. 

East  Indies,  source  of  cocoiuit  ])r()durts 159-lGO 

Eberth  bacillus,  dirfcrcntialiou  from  Bacillus  coli 91 

Eggs,  hen's,  use  in  preparing  medium  for  growth  of  bud-rot  organism 1 IG 

Eisner's  potato  medium.     See  Medium,  Eisner's  potato. 
Endo's  fuchsin  agar.     See  Agar,  Endo's  fuchsin. 

Enzymes  in  milk,  product  of  growth  of  bud-rot  organism 94-96 

Estaci6n  Central  Agron6mica,  investigations  of  coconut  bud-rot 14, 22-23, 162 

Experiments,  control,  coconut  bud-rot 54-58, 162 

cultural,  of  bud-rot  organism 64-136, 162-163 

field  infection  studies  of  coconut  bud-rot 38-54 

Extract,  Liebig's  meat,  medium  for  growth  of  bud-rot  organism 79 

Fawcett,  G.  L.,  on  investigation  of  bud-rot  in  Porto  Rico 35 

W.,  on  occurrence  of  bud-rot  in  the  West  Indies 15, 16,  23, 162 

Federated  Malay  States,  source  of  c««onut  product.s 161 

Fehling's  solution.     See  Solution,  Fehling's. 
Fermentation  tubes.     See  Tubes,  fermentation. 

Fiji  Isands,  source  of  coconut  products 161 

FLscher's  solution.     See  Solution,  Fischer's. 

Flagella  of  bud-rot  organism,  description 64 

Flaming,  treatment  for  control  of  coconut  bud-rot 58-59 

Flies,  larvae,  relation  to  occurrence  of  bud-rot 50,  51 

Florida,  nonoccurrence  of  coconut  bud-rot 36, 132 

Formic  acid.     See  Acid,  formic. 

Fredholm,  A.,  on  bud-rot  and  root  disease  in  Trinidad 26, 148, 150-151, 162 

Friedlander's  bacillus,  index  of  identity 77 

Frogs,  tree,  presence  on  palms  affected  by  bud-rot 47,  61 

Fuchsin,  use  in  medium  for  growth  of  bud-rot  organism 88-90 

agar,  Endo's.     See  Agar,  Endo's  fuchsin. 
Fungi,  relation  to  bud-rot.  . .  9, 19, 22,  25,  26, 32, 38-39, 47-48,  61, 146, 148-151, 156-159 
Fimgicides,  application  for  control  of  bud-rot 56-58, 61-63, 162 

Galactose,  use  in  testing  bud-rot  organism 81, 118-119, 138 

Galvez,  Federico,  on  occurrence  of  bud-rot  in  Cuba 13, 14 

Gas,  production  in  various  media  by  bud-rot  organism 52, 

68-71,  73,  7.5-78, 81,  92, 108, 129-131, 137-138, 142-145 

Gelatin,  medium  for  growth  of  bud-rot  organism 51, 

52, 65-68,  76-79, 91, 121-122, 130, 131, 133, 137, 142, 145, 153 

Georgetown,  British  Guiana,  occun-ence  of  coconut  bud-rot 34 

German  East  Africa,  source  of  coconut  products 20, 161, 162 

Germicides,  application  for  control  of  bud-rot 56-58,  61-63, 162 

Giddings,  N.  J.,  on  gas  production  by  Bacillus  coli 75 

Glucose,  use  in  testing  bud-rot  organism 78, 82, 98 

Glycerin,  use  in  testing  bud-rot  organism 65, 

75-76,  81, 83, 105-106,  128, 138, 139, 144, 145 
See  also  Agar,  Dolt's  synthetic. 
Grand  Cayman  Island.     See  Cayman  Islands. 
Grape  sugar.    See  Sugar,  grape. 
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Guapo,  Trinidad,  occurrence  of  bud-rot 33, 149 
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History  of  bud-rot  investigations 9.  22 
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Hydrochloric  acid.     See  Acid,  hydrochloric. 
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Jamaica,  occurrence  of  bud-rot. . .  9, 11, 14-15,  16,  23,  24,  29,  30,  40,  59,  61, 143, 161-102 

source  of  coconut  products 160 

Jesus  del  Monte,  Cuba,  occurrence  of  coconut  bud-rot 13 

Johnston,  J.  R.,  investigations  of  bud-rot 10,  27-36, 148 

Jones,  L.  R.,  Uarding,  II.  A.,  and  Morse,  W.  J.,  on  differentiation  of  Bacillus 
coli 145 

Kashida's  medium.    See  Agar,  Kashida's  litmus-lactose. 

Kinyoun,  J.  J.,  on  tests  for  Bacillus  coli 79 

Kiralyfi,  G.,  on  tests  for  Bacillus  coli 106 

Lacomme,  L.,  and  Courmont,  J.,  on  test  for  Bacillus  coli 107 

Lactic  acid.    See  Acid,  lactic. 

Lactose,  use  in  testing  bud-rot  organism 70, 

76,  77, 81, 82, 83,  88, 121-122, 128, 140, 141, 153 
See  also  Agar,  Dolt's  synthetic;  and  Agar,  litmus-lactose. 

La  Gloria,  Cuba,  occurrence  of  coconut  bud-rot 12 

Laventille,  Trinidad,  occurrence  of  coconut  bud-rot 31-32, 33, 149 

Lead  acetate,  use  in  testing  bud-rot  organism 93 

Leechman,  Alleyne,  on  occurrence  of  bud-rot  in  British  Guiana 18 

Leucophaea  surinamensis.    See  Cockroaches. 

Levulose,  use  in  testing  bud-rot  organism 81, 118-119, 138 

Lice,  wood,  presence  on  palms  affected  by  bud-rot 15 

Liebig's  meat  extract.    See  Extract. 

Lime,  relation  to  coconut  bud-rot 60, 146-147 

Lioderma  spp.,  presence  on  palms  affected  by  bud-rot 61 

Liquefaction  of  gelatin.    See  Gelatin. 

Litmus,  use  in  testing  bud-rot  organism 44, 

52, 67,  69,  72, 78,  92,  94,  95,  100, 108-109, 133, 142-145 
See  also  Agar,  Dolt's  synthetic;  and  Agar,  litmus-lactose, 
lactose  agar.    See  Agar,  litmus-lactose. 

Lizards,  presence  on  palms  affected  by  bud-rot 47,  61 

Longley,  F.  F.,  and  Baton,  W.  U.  C,  on  identification  of  Bacillus  coli 66,78 

Losses  to  coconut  industry  occasioned  by  bud-rot. .  9, 11-14, 18,  26-28,  31-32, 135, 161 
Lugol's  iodin.     See  lodin,  Lugol's. 

MacConkey's  bile-salt  agar.    See   Agar,   MacConkey's  bile-salt. 

McCulloch,  Lucia,  on  bacterial  inoculations 113, 114, 116, 125, 129-132 

MacFarland,  Joseph,  on  Kashida's  medium 1 19 

Magnesium  sulphate,  use  in  testing  bud-rot  organism 101-106, 107, 121-122 

Mahaicony,  British  Guiana,  occurrence  of  coconut  bud-rot 18, 34, 162 

Malachite  green.    See  Green,  malachite. 

Maltose,  use  in  testing  bud-rot  organism 142, 144 

Mannit,  use  in  testing  bud-rot  organism 81, 107, 118-119, 138, 144, 145 

Manzaailla,  Cuba,  occurrence  of  coconut  bud-rot 12,  31 

Maravi,  Cuba,  occurrence  of  disease  on  royal  palms 153-154 

Marianao,  Cuba,  occurrence  of  coconut  bud-rot 13 

Marshall  Islands,  source  of  coconut  products 161 

Mata,  Cuba,  occurrence  of  coconut  bud-rot 22,  28, 29 

Matanzas,  Cuba,  occurrence  of  coconut  bud -rot 13 

Mauritius,  soiu-ce  of  coconut  products 161 

Meat,  powdered,  use  in  making  mediiun  for  growth  of  Bacillus  coli 88 
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Media,  Capaldi  and  Proskauer,  use  in  testing  bud -rot  organism 107-109,  138 

nitrogen-free,  use  for  growth  of  bud-rot  organism 101-104, 138, 140 

Medium,  Eisner's  potato,  use  in  testing  bud-rot  organism 122 

Remy's  synthetic,  use  in  testing  bud-rot  organism 121-122 

Mercuric  chlorid.     See  Chlorid,  mercuric. 

Mercury,  use  in  testing  bud-rot  organism 65 

Merrick,  F.,  on  occurrence  of  coconut  bud-rot  in  Cuba 12 

Methylene  blue,  use  in  testing  bud -rot  organism 65-66 

Mexico,  occurrence  of  coconut  bud-rot 18 

Micrococcus,  reported  cause  of  bud-rot 39, 151 

Microscope.     See  Studies,  microscopic. 

Milk,  medium  for  growth  of  bud-rot  organism 44,  51,  52,  67, 

77,  78,  92,  94-96, 127-129, 131, 133, 134, 137-138, 142, 143, 144, 145,  153 

Mixture,  Bordeaux,  application  for  control  of  bud-rot 24,  56,  61-63 

Moisture  in  soil,  relation  to  bud-rot 33, 146-147 

Monocalcium  phosphate,  use  in  testing  bud-rot  organism 115 

Monopotassium  phosphate,  use  in  testing  bud-rot  organism 101-104 

Montego  Bay,  Jamaica,  occurrence  of  bud-rot 14-15, 16,  23,  30 

Moore,  E.  W.,  and  Revis,  Cecil,  on  method  of  identifying  Bacillus  coli 82 

Morphology  of  bud-rot  organism 64-65, 137 

Morse,  W.  J.,  Jones,  L.  R.,  and  Harding,  H.  A.,  on  differentiation  of  Bacillus 

coli 145 

Motility,  factor  in  differentiating  bacilli 64,  91 

Muir,  Robert,  and  Ritchie,  James,  on  teste  for  Bacillus  coli 107 

Murrill,  W.  A.,  on  occurrence  of  bud-rot  in  Jamaica 24, 162 

Negri!  Point,  Jamaica,  occurrence  of  coconut  bud-rot 30 

Nessler's  solution.     See  Solution,  Nessler's. 
Neutral  red.     See  Red,  neutral. 

New  South  Wales,  source  of  coconut  products 161 

Nicaragua,  source  of  coconut  products 160 

Nitrate,  use  in  bouillon  for  growth  of  bud-rot  organism 51, 

52,  67,  71,  76,  79, 127-130, 131, 133, 134, 142-145, 153 

Nitrites,  product  of  growth  of  bud-rot  organism 71, 

76,  79, 127-131, 133, 134, 137, 143, 144 

Nitrogen,  source  for  bud-rot  organism 101, 104-106 

Nitrogen-free  media.     See  Media,  nitrogen-free. 

Novy,  F.  G.,  on  media  for  the  identification  of  Bacillus  coli 91, 122 

Odor,  vile,  characteristic  sign  of  bud-rot. .  10, 15, 17, 19,  20,  25,  26,  51, 148-151, 153, 161 

O'Hehir,  C.  J.,  on  the  coagulation  of  milk  by  Bacillus  coli 94 

Organism,  causal,  of  coconut  bud-rot.     See  Bud-rot,  causal  organism. 
Oxalic  acid.     See  Acid,  oxalic. 

agar.     See  Agar,  oxalic-acid. 
Oxygen,  effect  on  growth  of  bud-rot  organism 65-66 

Palms,  susceptibility  of  different  species  to  bud-rot 152-156 

Palmyra,  species  of  palm  subject  to  diseases  resembling  bud-rot 154-156 

Panama,  occurrence  of  coconut  bud-rot 18 

Parietti's  solution.     See  Solution,  Parietti's. 

Paris  green,  application  for  control  of  bud-rot 56-58,  61-63 

Peptone,  use  in  testing  bud-rot  organism 52, 69-72,  75-76,  79-82,  85,  88,  91,  93,  94, 

96, 99, 105-107, 115-116, 118-119, 121, 127, 129-131, 137-140, 142, 144, 153 
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Ppptone,  Wittc's,  uso  in  testing  bud-rot  organism 79, 107, 1 15, 121 

Poriplancta  australasiao.     See  Cockroaches. 

Pestalozzia,  rclat  ion  to  coconut  bud-rot 22, 47, 158-159 

Fetch,  T.,  on  bud-rot  in  Ceylon 19 

Phenol,  production  by  bud-rot  organism 92-93, 1 37 

Philippine  Islands,  occurrence  of  bud-rot 19, 162 

source  of  coconut  products 160, 161 

Phosphate,  disodic,  use  in  testing  bud-rot  organism 121-122 

Phytophthora,  fungus  causing  a  disease  of  the  palm 154-155 

Pigment,  nonproduction  by  bud-rot  organism 71,  70, 137 

Pinar  del  Rio,  Cuba,  occurrence  of  coconut  bud-rot 13 

Pino,  Raphael  del,  on  losses  occasioned  by  bud-rot  in  Cuba 13 

Plaxton,  Dr.,  on  cause  of  bud-rot 39, 151 

Point  d'Or,  Trinidad,  occurrence  of  bud-rot 32-33, 149 

Port  Antonio,  Jamaica,  occurrence  of  coconut  bud-rot 24,  30 

Porto  Rico,  legislation  to  prevent  the  introduction  of  bud-rot 35, 163 

probable  nonoccurrence  of  bud-rot 18,  34-36, 52-53, 162, 163 

source  of  coconut  products 160, 163 

Portuguese  Africa,  source  of  coconut  products 20, 161 ,  162 

Potassium,  use  of  salts  in  testing  bud-rot  organism. . .  69,  71, 104-107, 121-122, 138, 139 

Potato,  medium  for  growth  of  bud-rot  organism 71,  72,  75,  77, 114, 122, 138 

Preventives,  experimental  application  to  bud-rot 59-63, 163 

See  also  Bud-rot,  control  of  disease. 
Proskauer.     See  Media,  Capaldi  and  Proskauer. 

Pruning,  use  as  method  to  control  bud-rot 54-55 

Pyragra  buscki.     See  Earwigs. 

Pyrogallic  acid.     See  Acid,  pyrogallic. 

Pythium,  fungus  causing  a  palm  disease 155-156 

Ramos,  Dr.,  on  fungi  as  the  cause  of  bud-rot 38 

Rats,  presence  on  palms  affected  by  bud-rot 52, 61 

Recommendations  relating  to  the  control  of  bud-rot 163 

Red,  neutral,  use  in  testing  bud-rot  organism 51, 

52, 67, 69,  71,  80-84, 115, 127-131, 133, 134, 137, 142, 153 

Remedies,  experimental  application  to  bud-rot 55-59 

See  also  Bud-rot,  control  of  disease. 

Remy,  L.,  on  tests  for  Bacillus  typhosus 121 

Remy's  synthetic  medium.     See  Medium,  Remy's  synthetic. 

Reptiles,  presence  on  palms  affected  by  bud-rot 47, 61 

Rettger,  L.  F.,  on  chemical  products  of  Bacillus  coli 98 

Revis,  Cecil,  and  Moore,  E.  W.,  on  method  of  identifying  Bacillus  coli 82 

Rhynchophorus  palmarum,  presence  on  palms  affected  by  bud-rot 61 

Ritchie,  James,  and  Muir,  Robert,  on  tests  for  Bacillus  coli 107 

Rivas,  D.,  tests  for  identification  of  Bacillus  coli 79,  85-87, 118, 137 

Rolfs,  P.  H.,  on  nonoccurrence  of  bud-rot  in  Florida ^ 36 

Root,  distinction  of  disease  from  bud-rot 25,  32,  33 

Rorer,  J.  B.,  on  occurrence  of  bud-rot  in  Trinidad 26, 145 

Rosenberger,  R.  C,  on  method  of  identifjdng  Bacillus  coli 82 

Rosolic  acid.     See  Acid,  rosolic. 

Roth,  Emil,  on  test  for  Bacillus  coli 107 

Roj-al,  species  of  palm  affected  by  disease 152-154, 156 

Ruata,  Guide,  on  method  of  identifying  Bacillus  coli 88 

Russell,  William,  on  occurrence  of  bud-rot  in  British  Guiana 17, 26 
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Saccharose,  use  in  testing  bud-rot  organism 70-71, 76, 77, 81, 83, 137, 145 

See  also  Sugar. 

Salt,  effect  on  bud-rot  organism 56, 

72, 79,  88, 91,  94, 100-104, 107, 111-113, 115, 121-122, 138, 139, 146-147 

Samoa  Islands,  source  of  coconut  products 161 

Sanitation.     See  Bud-rot,  sanitation. 

Santiago  de  Cuba,  occurrence  of  coconut  bud-rot 12 

Savage,  W.  G. ,  on  tests  for  Bacillus  coli 65,  75,  79, 94 

Savanna  la  Mar,  Jamaica,  occurrence  of  bud-rot 14,  30 

Scale,  insect,  relation  to  coconut  bud-rot 22, 23, 29, 48 

Schwarz,  E.  A.,  on  determination  of  insect  species 61 

Scruel,  M.,  on  tests  for  Bacillus  coli 87, 96,  98 

Seasons.     See  Climate. 

Signs  of  bud-rot.     See  Bud-rot,  indications  of  presence. 

Smith,  Erwin  F. ,  investigations  of  coconut  bud-rot 9, 

14,  22,  27,  35,  39,  51,  94, 140, 142, 144, 162 

Theobald,  on  tests  for  Bacillus  coli 77, 100 

Snakes,  presence  on  palms  affected  by  bud-rot 61 

Soda,  caustic.     See  Sodium  hydroxid. 

Sodium  asparaginate,  use  in  testing  bud-rot  organism 101-104, 138, 139 

carbonate,  use  in  testing  bud-rot  organism 88 

chlorid.     See  Salt. 

hydroxid,  use  in  testing  bud-rot  organism 65-66, 85, 118 

solution,  use  in  testing  bud-rot  organism 121-122 

taurocholate,  use  in  testing  bud-rot  organism 82, 83 

Soil,  condition  as  reputed  cause  of  bud-rot 9, 33, 34, 146-147, 151 

Solomon  Islands,  source  of  coconut  products 161 

Solution,  Cohn's,  medium  for  growth  of  bud-rot  organism 113-114, 138 

Dunham's,  medium  for  growth  of  bud-rot  organism 51,  52, 

67-69,  78,  79,  85,  86,  92-94, 100-101, 111-113, 138, 139, 144, 145 

Fehling's,  medium  for  growth  of  bud-rot  organism 85, 86, 87, 100, 131 

Fischer's  mineral,  medium  for  growth  of  bud-rot  organism 93-94, 

104-106, 138, 139 

Nessler's,  medium  for  growth  of  bud-rot  organism 93 

Parietti's,  medium  for  growth  of  bud-rot  organism 78,  79 

Uschinsky's,  medium  for  growth  of  bud-rot  organism 113, 138 

South  America,  source  of  coconut  products 160-161 

Spraying,  treatment  for  control  of  bud-rot 24, 56,  61-63, 162 

Stains,  use  in  morphological  studies  of  bud-rot 64 

Starch,  use  in  testing  l)ud-rot  organism 71,  72-75,  76, 137, 139, 140 

Stein,  Pflanzer,  on  occurrence  of  bud-rot  in  German  East  Africa 20 

Stockdale,  F.  A.,  on  diseases  of  the  coconut  palm 17, 25, 32-33, 148-150, 162 

Stoddart,  plate  medium  for  growth  of  bud-rot  organism 91,  92, 137 

Stomata,  relation  to  infection  of  Inid-rot 156, 163 

Stone,  B.  H.,  on  method  of  identifying  Bacillus  coli 78 

Strainer  rot.    See  Wet-rot. 

Structure  of  coconut  tree,  studies 36-38, 156-157, 162 

Studies,  microscopic,  of  coconut  V;ud-rot 22, 

25,  26, 39-46, 55, 72, 127, 129, 150, 151, 156-159, 163 
Succinic  acid.    See  Acid,  succinic. 
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SuS'ir,  cane,  use  in  teKtin<^  bud-rut  organism 70-71, 101-104,  lOG,  138,  139 

grape,  use  iu  testing  bud-rut  organism 65,  G9, 100-101 

relation  to  growth  of  bud-rot  organism 70-71, 

85-87, 100-lOG,  116-119, 131, 137-139, 142, 144 
See  also  (Carbohydrates,  Saccharose;  and  Sugar,  grape. 
Sulphuric  acid.    See  Acid,  sulphuric. 

Summary  of  bulletin 161-163 

Sunlight,  effe(;t  on  growth  of  bud-rut  urganism 126 

Syringe,  use  in  making  inoculations  of  bud-rot 135 

Tahiti,  Society  Islands,  occurrence  of  coconut  bud-rot 20 

Tamayo,  Dr.,  on  diagnosis  of  Uredo  coccivoro 39 

Temperature,  effect  on  growth  of  bud-rot  organism 124-125, 138 

Timber,  use  of  coconut  logs  for  buildings 61 

Torre,  Carlos  de  la,  on  cause  of  biid-rot 22, 39 

Tree,  coconut,  structural  studies 36-38, 156-157, 162 

frogs.    See  Frogs,  tree. 

Trinidad,  occui'rence  of  bud-rot 9, 

11,  lG-17,  24-26,  30-33,  61, 143, 145, 148-150, 161, 162 

source  of  coconut  products 160, 163 

Tropics,  eastern,  source  of  coconut  products 9-11, 18-21, 152, 159-161, 162 

See  also  names  of  countries  and  places;  as,  Ceylon,  India,  etc. 

Tubes,  fermentation,  use  in  testing  bud-rot  organism 51, 

52,  65-67,  70,  77,  80-81,  100, 118-119, 127, 129-134, 137-138, 142-144, 153 

Hiss's,  medium  for  differentiating  bacilli 91-92 

Turkey  buzzard.     See  Buzzard,  turkey. 

Tutuila,  Samoa  Islands,  soiu-ce  of  coconut  products 161 

Urea,  use  in  testing  bud-rot  organism 119 

Uredo  coccivoro,  reputed  cause  of  bud-rot 38, 39 

Uschinsky's  solution.     See  Solution,  Uschinsky's. 

Vaseline,  use  in  testing  bud-rot  organism 65-66 

Vegetables,  susceptibility  to  soft  rots 44, 145-146 

Venezuela,  source  of  coconut  products 36, 160 

Vera  Cruz,  Mexico,  reported  occurrence  of  bud-rot 18 

Washington,  D.  C,  bacterial  inoculations  of  coconut  seedlings  in  greenhouse..  45^6, 

126-136, 139, 141-142 
Weather.    See  Climate. 

Weevils,  presence  on  palms  affected  by  bud-rot 61, 148, 154 

West  Indies,  investigations  of  bud-rot 11-16,  22-36, 162 

source  of  coconut  products 160 

\\'et-rot,  precursor  of  central  coconut  bud-rot 55 

Wind,  relation  to  spread  of  coconut  bud-rot 48, 49 

Witte's  peptone.    See  Peptone,  Witte's. 
Wood  lice.     See  Lice,  wood. 

Wounds,  relation  to  infection  of  bud-rot 156 

See  also  Inoculations. 
Wurtz's  litmus  agar.     See  Agar,  W'urtz's  litmus. 

Yumuri,  Cuba,  occurrence  of  coconut  bud-rot ,  ^ 22,  28, 51 
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